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Posterior Pharyngeal 


Wall Movement In Normals 


Robert F. Hagerty 
Milton J. Hill 
Harold S. Pettit 
John J. Kane 


For almost 100 years the complex 
inter-activities of the structures con- 
trolling the velopharyngeal port have 
stimulated conjecture, interest, and 
controversy among members of the 
several disciplines which concern 
themselves with this function. Fore- 
most among these have been anatom- 
ists, surgeons, speech therapists, den- 
tal specialists, and radiologists. During 
the past quarter century particular 
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attention has been paid to velopharyn- 
geal muscle function by those en- 
gaged in the habilitation of cleft 
palate persons, because good speech 
is considered to be (1) the primary 
goal in treatment of these individ- 
uals and (2) more directly related 
to adequate velopharyngeal closure 
than to any of the other anatomical 
differences found in individuals with 
cleft palate. The present paper is de- 
signed to shed light on only one of 
the multiple aspects of velopharyngeal 
closure—the forward excursion of the 
posterior pharyngeal wall during nor- 
mal production of certain speech 
sounds. 


During the 1860’s, Passavant (6) 
described muscular activity which he 
had observed in the posterior pharyn- 
geal walls of some of his patients, as 
follows: 


. the lower part of the pharynx is 
raised while the upper part of the poste- 
rior pharyngeal wall remains immovably 
in place. In addition, a transverse swell- 
ing arises on the posterior wall of the 
pharynx at the level of the bases of the 
uvular halves. From this transverse swell- 
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ing, folds run upward and outward; not 
infrequently fold formation also occurs 
at the lower border of the swelling, run- 
ning downward and outward. While the 
posterior pharyngeal wall is thus swollen, 
an approach of the two lateral pharyn- 
geal walls toward each other occurs at 
the same level. This transverse swelling, 
which becomes visible on the posterior 
pharyngeal wall somewhat above the 
uvular haives, is of the greatest impor- 
tance for speech. 


In the cleft palate subject, move- 
ment in the posterior pharyngeal wall, 
if it takes place, is readily observable. 
In the subject having a normal palate 
such movement defies observation be- 
cause the velum and uvula hang down 
shielding it. Because of this, the col- 
lection of objective data concerning 
activity in this area during the pro- 
duction of speech sounds by persons 
with normal palates has only recently 
become possible through advance in 
radiological technique. 

Although several investigators (4, 
5, 7, 8, 9) had previously used x-ray 
techniques in studying the action of 
the velum and posterior pharyngeal 
wall, the investigation by Wolfe (//) 
in 1942 is especially pertinent to the 
present context. Using x-rays of 15 
randomly selected normal subjects he 
studied ‘the amount of movement of 
the posterior wall of the pharynx, the 
relative position of the bulge at the 
back wall, the amount and nature of 
the movement of the velum and the 
position of the velum, in relation 
to the back wall of the pharynx dur- 
ing phonation’ of sustained vowels. 
He established a nasal reference line 
(drawn between the anterior end of 
the nasal spine and a point at the 
junction of the hard and soft palate) 
as his basic reference for the purpose 
of making tracings of his films. ‘This 
served as a base line for the construc- 
tion of ali perpendiculars and par- 


allels needed for making the desired 
measurements. 

In 1949 Hixon (2), in an x-ray study 
of oral and pharyngeal structures, in- 
cluded among his data measurements 
of forward excursion of the posterior 
pharyngeal wall, but he stated that a 
‘mottling’ or ‘graininess’ of the film 
obliterated some of the detail in that 
area. Williams (10), in an investiga- 
tion of 30 normal subjects in 1952, 
made measurements on the bases of 
perpendiculars erected from the 
Frankfort plane. In 1954 Buck (J), 
using Wolfe’s technique for obtaining 
the measurements, compared the velo- 
pharyngeal movements of 20 post- 
operative cleft palate subjects with 
those of 20 normals. His findings with 
respect to posterior wall movement 
for the normals agreed in general with 
those of Wolfe and Hixon. 

The present study was undertaken 
in order to establish an objective 
set of normative data with which 
to compare measurements of post- 
operative cleft palate subjects. Three 
crucial differences exist between this 
and previous studies of similar nature. 
First, the cephalometric laminagraphs 
were made with the subjects in an 
upright position rather than supine 
as has been the case in previous lam- 
inagraphy. Second, data were col- 
lected on a large number of subjects 
whereas previous numbers on which 
data have been reported range from 
three to 30. Third, the continuant 
consonant [s] was used as one of the 
subject conditions. Previous studies 
have not included data on consonant 
sounds. 


Procedures and Equipment 


The laminagraphic x-ray technique 
was used in order to assure that the 
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tracings which were being made from 
the skull films would depict more 
accurately the midline contours of 
the structures being measured. Con- 
ventional x-rays do not afford clear 
soft tissue outlines since the image 
obtained is a summation of shadows 
of tissue masses. Superimposition of 
tissue structures is a handicap in ob- 
taining a radiograph which will show 
the most diagnostic information. Lam- 
inagraphy offers a means of selecting 
a desired ‘layer’ or plane of tissue 
structures by blurring out tissues on 
either side of the selected plane. With 
the intention of facilitating tracing of 
the films, a radiopaque substance, 
Dionosil, was used with each subject. 

The data herein reported were de- 
rived from measurements of lateral 
upright cephalometric laminagrams of 
subjects with normal palates and no 
apparent skull malformations. Eighty 
persons, 50 whites and 30 Negroes 
associated with the Medical College 
and Hospital of South Carolina, vol- 
unteered to cooperate with the in- 
vestigators. It was assumed that there 
might be differences between the 
two groups, so the data on Ne- 
groes and whites were treated separ- 
ately. The age range of the white 
subjects was 19 to 62 years, with a 
mean age of 27.3 years. The age range 
of the Negro subjects was 15 to 75 
years, with a mean age of 44.8 years. 
The subjects were carefully prepared 
for maintaining the conditions de- 
sired during the time the x-rays were 
being taken, and trained personnel 
were present to listen and judge 
whether the sounds being produced 
were those which were desired. The 
laminagraphs were taken under three 
conditions: with the soft structures 
at rest; during production of the 
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Ficure 1. Photograph of laminometer. 


vowel [a]*; and during production of 
the continuant [s]. 


The procedure for obtaining the 
upright cephalometric laminagraphs 
was as follows: the subject was first 
placed in a supine position and 1 cc 
of water-based Dionosil was instilled 
into each nostril. After about 30 sec- 
onds the subject was allowed to sit 
erect.2, He was then seated on a stool 
of adjustable height and his head im- 
mobilized in true lateral position by 
the cephalostat. The true lateral posi- 
tion was corroborated in each instance 
by conventional x-rays (taken pre- 
vious to the laminagraphs) showing 
superimposition of the brass bands 
about the ear rods. 


The thickness and position of the 
‘cut’ were corroborated by x-rays of 





1The vowel sound which, in General 
American speech, is heard in the words top, 
hop, pot and mop. 

2An oil-based Dionosil was later substi- 
tuted which required five minutes in the 
supine position for proper distribution. This 
was done because subjects complained of a 
stinging, burning sensation with the water- 
based material. The results were equally 
satisfactory. 
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Ficure 2. Laminagraph of laminometer. The 
sharply outlined central wire indicates prop- 
er midline focus. 


a laminometer in place in the cephalo- 
stat. The laminometer consists of mul- 
tiple parallel wires set 2 mm _ aside and 
1 mm in front of each other in an 
oblique line (Figure 1). The longer 
central wire extends through one of 
the two metal plates which are firmly 
secured to the plastic endpieces. The 
centers of these plastic endpieces are 
drilled to receive the ear plugs. After 
the proper adjustments are made, an 
x-ray taken with this device in place 
shows the ‘cut’ to be through the long 
central wire which is in clear outline, 
and the thickness of the plane in focus 
extends to no more than the first wire 
on either side of the midline (Figure 
2), giving a thickness of ‘cut’ of ca 
4 mm or less. 

The x-ray equipment used is a 
modified General Electric Ordograph 
(laminagraph) unit to which is at- 
tached a cephalostat. The laminagraph 
consists of a moving bucky grid in- 
terlocked with the x-ray tube by 
means of an arm so that the desired 
plane running through the center of 


the skull is at the fulcrum point or axis 
of the arm. The film moves on a track 
in the cassette holder over a range of 
10.64 cm. The cephalostat is attached 
to this cassette holder so that a true 
lateral projection of the skull is 
assured. ; 


The tube stand, which is floor 
mounted and hydraulically driven, 
moves through a range of 53.34 cm, 
the exposure being made during the 
38.1 central cm of travel. The distance 
from the tube target to the film is 
95.25 cm in the mid-position. The dis- 
tance from the midline of the skull 
to the film is 15.88 cm in the lateral 
position. The magnification of the 
image on the film is 12.1%. 

Many combinations of x-ray factors 
were used in an effort to achieve 
optimal contrast of air, soft tissue, 
and bone in the radiograph. It was 
finally decided that the best results 
were obtained with 65 kv, 10 ma and 
3 sec for subjects whose width of 
skull was 14.5 cm or less. The kilo- 





Figure 3. Conventional radiographic skull 
film of subject in rest position. Square 
represents areas included in Figures 4, 5 
and 6. 
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Ficure 4. Line drawing of laminagram of 
subject phonating [q]. Drawing shows main 
reference line, A-A, drawn from anterior 
nasal spine to midpoint of the tubercle of 
the atlas; the perpendicular Y-Y, erected 
at the midpoint of the tubercle; and the 
levels 1, 2, 3 and 4, at which the distance 
from Y-Y to the posterior pharyngeal wall 
was measured. 


voltage was increased by five for 
subjects whose measurements were 
greater. 


All x-ray films were developed in 
an automatic unit to assure consistent 
results. Tracings were made of the 
portions of the films within the inset 
shown in Figure 3, and the main 
reference line, A-A (Figure 4), was 
drawn from the anterior nasal spine 
through the midpoint of the tubercle 
of the atlas as suggested by Krogman 
(3). A perpendicular to line A-A was 
erected at the midpoint of the tu- 
bercle and the distance from this 
perpendicular, Y-Y, to the surface of 
the posterior pharyngeal wall was 
measured at four arbitrarily selected 
levels: (1) along a line 2 cm above 
A-A and parallel to it, (2) along a 
line 1 cm above A-A and parallel to 
it; (3) along A-A from the midpoint 
of the tubercle, and (4) on a line 


4 
ae ie. 
> 


1 cm below A-A and parallel to it. 
Subsequent examination of the trac- 
ings disclosed that the actual point of 
greatest excursion occurred much 
more frequently between two levels 
(where it missed being measured) than 
at a given level. In an attempt to eval- 
uate further the amount of posterior 
pharyngeal wall movement, a Pre- 
cision Rolling Disc Planimeter was 
used to measure the area encompassed 
by lines 1 and 4, Y-Y, and the pos- 
terior pharyngeal wall. Thus, five 
measurements were taken from the 
tracing of each laminagraphic skull 
film, so that 15 measurements were 
recorded for each of the 80 subjects 
studied. 


Results 


Among the white subjects the 
mean forward movement of the pos- 
terior pharyngeal wall from the rest 
position to [a] at level 1 was .19 mm; 
at level 2 it was .67 mm; level 3, .70 
mm; level 4, .64 mm. From rest to 
[s] the mean amount of forward ex- 
cursion at level 1 was 1.57 mm; level 
2, .66 mm; level 3, .32 mm; level 4, 
.04 mm. 

Planimetry disclosed greater area 
for [a] than for rest within the de- 
fined confines in 31 of the 50 white 
subjects. No change was seen in 
seven, while 12 exhibited less area. The 
mean for the 50 subjects was .176 sq 
cm greater for [a] than rest. 


Similarly, 31 subjects presented 
greater areas for [s] than for rest 
(not all the same subjects, however) 
while six subjects showed no change 
and in 13 the area decreased. The aver- 
age for the 50 here was .188 sq cm 
more area during production of [s] 
than in the rest position. 
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The mean forward movement of the 
posterior wall of the Negro subjects 
from the rest position to [a] at level 1 
~vas .9 mm; at level 2 it was 1.733 mm; 
level 3, 1.233 mm; level 4, .95 mm. 
From rest to [s] the amount of for- 
ward excursion at level 1 was 2.05 
mm; level 2, 1.20 mm; level 3, .833 
mm; and level 4, 1.333 mm. Of the 
30 Negro subjects, 23 presented more 
area for [a] than for rest within the 
defined limits measured by planimetry, 
while seven decreased in area. The 
average increase in area from rest to 
[a] in the 30 subjects was .270 sq cm. 
From rest to [s] 18 increased and 12 
decreased, with a mean of .325 sq cm 
greater area for [s] than rest. 

The average forward movement of 
the pharyngeal wall at each level, and 
the average increase in area by plani- 
metry was greater in the Negro group 
in each instance. The differences be- 
tween the averages for the groups 
were as follows: rest to [a], level 1, 
.71 mm; level 2, 1.06 mm; level 3, .53 





Ficure 5. Laminagraph showing Passavant’s 
bar in subject phonating [q]. The soft tis- 
sues have been outlined in certain areas to 
provide for greater clarity in the photo- 
graphic reproduction. 


mm; level 4, .31 mm; planimetry, .094 
sq cm. Rest to [s], level 1, .48 mm, 
level 2, .54 mm; level 3, .51 mm; level 
4, 1.29 mm, planimetry, .14 sq cm. 
Each of these figures is the amount 
by which the mean for the Negro 
group exceeded the mean for the 
white group. It would appear that 
there was ample justification for con- 
sidering the two groups separately. 


Discussion 


Although it is quite possible that 
statistically significant differences 
would emerge from further treatment 
of the data, it is doubtful whether the 
actual extent of excursion is suffi- 
cient to make important differences in 
speech except when the individual 
possesses a Passavant’s bar large and 
vigorous enough to participate ac- 
tively in closure. 


Comparison of the measurements 
of excursion during the production of 
[a] and [s] reveals less movement in 





Figure 6. Laminagraph showing Passavant’s 
bar in subject saying [s]. The soft tissues 
have been outlined in certain areas to pro- 
vide for better clarity in the photographic 
reproduction. 
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general for [s] than for [a]. In many 
of the films of subjects saying [s], 
while strong velopharyngeal closure 
is taking place, the velum is seen to 
impose its contours upon the pharyn- 
geal wall, so that its convex posterior 
surface creates a corresponding inden- 
tation in the pharyngeal wall where 
the two are in contact. Velopharyn- 
geal contact is seen during production 
of [a] in 16 of the Negro and 11 
of the white subjects, but the extent 
of this contact is not as great as in 
[s], and it does not appear that as 
much force is exerted for closure dur- 
ing [a] as for [s] because the angle 
the velum shows is less acute. 

For their purposes the authors de- 
fined Passavant’s bar as an obvious 
forward bunching of the posterior 
pharyngeal wall within a restricted 
range. Nine of the 80 subjects studied 
showed Passavant’s bar (see Figures 
5 and 6). In three of these this ridge 
was seen only in the laminagraph of 
the subject saying [s], and the area 
of velar contact with the pharyngeal 
wall in these three subjects was above 
the ridge. In three others of the group 
of nine, Passavant’s bar was seen dur- 
ing production of the vowel [a], but 
closure was so vigorous in [s] that the 
bar again appeared unnecessary if it 
indeed continued to exist. The Jam- 
inagraphs of the remaining three sub- 
jects in whom Passavant’s bar was 
seen show that it was an active factor 
in constriction of the port for pro- 
duction of [a], and closure for [s] 
would have been unsuccessful had 
no bar arisen. 

Anatomists, surgeons, radiologists, 
dental specialists and speech thera- 
pists have long engaged in conjecture 
and controversy with respect to the 
participation of the posterior wall of 
the pharynx in normal speech. The 
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present study was one more attempt 
to clarify this aspect of the complex 
activity in the velopharyngeal area. 
It differs from previous studies in that 
the cephalometric laminagraphs were 
made with the subjects in an upright 
position, a much larger number of 
subjects was studied, and a consonant, 
[s], was included as one of the sub- 
ject conditions. 


Summary 


Upright cephalometric lamina- 
graphs were made of 80 normal sub- 
jects (50 white and 30 Negro) at 
rest, phonating [a], and producing 
the continuant consonant [s]. Trac- 
ings were made of the laminagraphs 
and a reference line was established 
from the anterior nasal spine to the 
midpoint of the tubercle of the atlas. 
A perpendicular to this line was 
erected at the midpoint of the tuber- 
cle, and measurements were made 
from this perpendicular to the pos- 
terior wall of the pharynx at four 
arbitrarily selected levels: 1, 2 cm 
above the midpoint of the tubercle; 
2, 1 cm above; 3, at the level of the 
midpoint; and 4, 1 cm below. White 
and Negro subjects were treated as 
separate groups because of possible 
anatomical differences. Planimetric 
measurements were also recorded to 
determine increases in area as a result 
of forward movement. 


Passavant’s bar was evident in the 
x-rays of nine of the 80 subjects, but 
in six of the nine actual velar contact 
with the posterior pharyngeal wall 
was made above the ridge and so 
strongly that it appeared Passavant’s 
bar was not necessary for functional 
closure. In the remaining three sub- 
jects the only velopharyngeal con- 
tact was on the apex of the ridge. 
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In general, except when Passavant’s 
phenomenon occurs as a function 
necessary to closure it is doubtful 
whether the actual extent of forward 
excursion of the posterior pharyngeal 
wall is clinically significant in the pro- 
duction of speech sounds. It remains 
to be seen whether cleft palate indi- 
viduals present a similar pharyngeal 
wall profile. 
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GSR Auditory Threshold Mechanisms: Effect Of 
Tonal Intensity On Amplitude And Latency 
Under Two Tone-Shock Intervals 


A. E. Aronson 
J. E. Hind 
J. V. Irwin 


Several difficulties are inherent in the 
GSR or, to use a recently suggested 
term (2), the EDR (electrodermal 
response) audiometric technique. One 
is the frequent occurence of spon- 
taneous responses caused by deep 
breaths, limb movements and altera- 
tions in thought processes. The simul- 
taneous occurrence of such activity 
with a tone will result in an EDR that 
can be easily mistaken for a valid 
response. 

Clinicians rely primarily upon a 
latency criterion for differentiating 
between valid and spontaneous EDR’s. 
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An arbitrarily established latency 
range of approximately 1.0 to 3.5 
seconds provides a frame of reference 
for making this distinction. EDR’s 
falling within these limits are accepted 
as valid responses while those falling 
outside these limits are rejected as 
spontaneous. While Stewart (/0) has 
shown for a group of subjects that 
EDR latencies to tones could be dis- 
tinguished from responses to controls 
with a high degree of certainty, he 
also discovered that for individual 
subjects this differentiation could not 
be made three out of 15 times on the 
average. 


EDR amplitude has played almost 
no role in contributing to the differ- 
entiation between valid and spontane- 
ous EDR’s. Although a minimum 
height criterion is often imposed 
below which an apparent change in 
resistance or potential is not accepted 
as valid, these amplitude criteria are 
nevertheless arbitrarily chosen and 
the response heights influenced by the 
physical characteristics of the record- 
ing instrument. The inadequacy of 
existing latency and amplitude cri- 
teria stems from a lack of precise in- 
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formation on how EDR latency and 
amplitude change quantitatively as 
tonal intensity changes from below- 
threshold to above-threshold levels. 
That such changes do occur has been 
demonstrated by Davis (J). 
Difficulty in conditioning presents a 
second important problem in EDR 
audiometry. Neurologically involved 
subjects, the hearing handicapped, and 
even normal subjects have shown 
themselves to be difficult to condi- 
tion (3, 5, 9). The problem of obtain- 
ing high strength of conditioning in 
EDR audiometry has been investi- 
gated by Meritser and Doerfler (7) 
who demonstrated the superiority of 
40% reinforcement over 100% rein- 
forcement. Schlosberg and White 
(8) have shown that 0.5 second is the 
optimal CS-US interval for obtaining 
the largest EDR’s to light stimuli, sug- 
gesting the application of a similar 
CS-US interval to EDR audiometry. 
With the above problems in mind, 
the following factors were investi- 
gated: (1) the effect of tones pre- 
sented at subthreshold, threshold and 
above-threshold intensities on (a) 
EDR latency, (b) variability of EDR 
latencies and (c) EDR amplitude; (2) 
the effects of conditioning the EDR 
to a short tone of 0.6 second followed 
instantaneously by shock instead of 
the more widely used method of a 
long tone of 3.0 seconds followed in- 
stantaneously by shock, on (a) 
strength of conditioning as measured 
by EDR amplitude and number of 
successfully conditioned subjects, (b) 
variability of EDR latencies to tones 
presented at sub-threshold, threshold 
and above-threshold intensities and (c) 
rate of growth of EDR amplitudes to 
tones presented at sub-threshold, thres- 
hold and above-threshold intensities; 
(3) the comparison between the re- 
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sistance and the potential methods of 
recording EDR’s. 


Method 


Subjects and Conditions. Forty 
men and women from University of 
Wisconsin classes in the Department 
of Speech were divided into two 
groups of 20 each. Both groups were 
submitted to the following proce- 
dures: (1) a voluntary threshold test, 
(2) EDR conditioning and (3) an 
EDR threshold test.? 

Tones of 1000 cps and 0.6 second 
duration were used to find the volun- 
tary thresholds for all subjects. How- 
ever, for EDR conditioning and the 
EDR threshold test, although 20 sub- 
jects, designated the ‘short tone’ 
group, received tones of 0.6 second 
duration, the remaining 20 subjects, 
designated the ‘long tone’ group, re- 
ceived tones of 3.0 seconds duration. 
For the EDR conditioning and EDR 
threshold phases, programmed sched- 
ules of unreinforced and reinforced 
tones were used. Random 40% rein- 
forcement was employed in the con- 
ditioning phase and 37.5% reinforce- 
ment in the EDR threshold test. 
The shocks were presented immedi- 
ately following the ends of the tones. 
Thus, the 0.6 second and 3.0 seconds 
values represent the period between 
the onset of the tone and onset of the 
shock as well as the duration of the 
tone. The programs of stimulus pres- 


*Also administered were five precondi- 
tioning trials given after the voluntary 
threshold test to determine the degree to 
which each subject gave CR’s before being 
conditioned and 10 extinction trials follow- 
ing the EDR threshold test. The results of 
these procedures will not be discussed. 
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entations included intervals of 15, 22 
and 30 seconds distributed between 
trials in random fashion. 


In order to minimize the possible 
effects of the order of tones and 
reinforcements on the test results, two 
out of many possible programs of 
tones and reinforcements were used. 
Ten subjects, or half of each major 
group, received conditioning and EDR 
threshold tests under one of these two 
arbitrary patterns. The remaining half 
of each major group followed the 
second pattern. The assignments of 
subjects to one or the other of the 
two patterns were systematically 
varied according to the order in which 
the subjects were tested. Because re- 
sistance changes were recorded from 
one hand and potential changes from 
the other, five subjects from each 
subgroup of 10 had the resistance 
electrodes attached to the left hand 
and the potential electrodes to the 
right hand, while for the remaining 
five subjects these attachments were 
reversed. This modification was in- 
troduced in order to counteract the 
possible effect of laterality on the test 
results. 


Technique and _ Instrumentation. 
The EDR recording equipment is de- 
scribed in detail in another article 
(4). Briefly, potential and resistance 
changes were presented on the verti- 
cal axes of a dual beam cathode ray 
oscilloscope. Because the horizontal 
sweeps were made to begin simulta- 
neously with the tones, responses of 
constant latency appeared at the 
same position on the scope face on 
successive trials. A Grass kymograph 
camera was used to register each 
sweep on a single frame of 35 mm 
photographic paper. Measurements of 
response amplitude and latency were 


made from the photographic records. 
A second dual beam scope was used 
for visual monitoring of the responses 
since the camera was connected 
through a light-proof hood to the 
main scope. ‘The horizontal sweeps 
of the two beams were adjusted to be 
approximately equal in length, but 
individual time calibrations were re- 
corded on each trace each day so 
that the appropriate scale could be 
used for reaching the potential and 
conductance latencies. The total dura- 
tion of each sweep was approximately 
7.4 seconds. 


Only 1000 cps tones were em- 
ployed in this study. The rise-time, 
or time required for the tone intensity 
to attain its maximum value, and the 
fall-time, or time required for the 
intensity to drop to zero, were both 
approximately 50 msec. The two tone 
durations used in this study, 0.6 sec- 
ond and 3.0 seconds, were measured 
from the beginning of their rise to 
the end of their fall. The tones were 
presented to the right ear only by 
way of a calibrated Permoflux type 
PDR-10S earphone mounted in a semi- 
plastic earphone socket. The opposite 
ear was covered by a dead phone with 
a similar socket. 


The shocks were applied to the 
outer surface of the right leg just 
below the head of the fibula. The 
shock electrodes consisted of a pair 
of one-half inch in diameter steel but- 
tons mounted in a plastic sheet so 
that their centeis were .75 inch apart. 
A very thin layer of electrocardio- 
graph paste was applied to the buttons 
before the assembly was attached to 
the leg by means of an elastic band. 
Each shock consisted of a 0.4 second 
train of pulses that began at the instant 
the tone intensity dropped to zero. 
The shock current was obtained from 
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a shielded transformer driven by a 
laboratory stimulator. The frequency 
of the individual current pulses in the 
train was 60 per second; the time 
constant of each pulse was approxi- 
mately 1.5 msec. Three different shock 
levels were used in the experiment. 
At the appropriate stages in the exper- 
iment the stimulator was adjusted for 
the same three open circuit output 
voltages for all subjects. Calibration 
of the actual output current on two 
subjects yielded values of peak current 
of 7, 10 and 14 ma, corresponding to 
the low, medium and high intensity 
settings. 


For each subject simultaneous re- 
cordings were made from two elec- 
trode pairs on the right and left hands, 
one pair for the potential changes and 
the other for the conductance changes. 
The electrodes used for recording 
these changes were zinc discs approx- 
imately five-eighths inch in diameter 
with slightly concave surfaces. The 
hollow sides were filled with a paste 
composed of saturated zinc sulfate and 
Bentonite clay. Two electrodes were 
applied to each hand with strips of 
masking tape. One electrode was ap- 
plied to the palmar surface over the 


second metacarpal-phalangeal joint 
and the other to the dorsal surface at 
about the midpoint of the second 
metacarpal bone. 


Procedure. The first test adminis- 
tered to each subject was the volun- 
tary threshold test. The subject was 
instructed to press a button as soon 
as he heard the tone. Monaural 1000 
cps tones of 0.6 second duration were 
presented in descending order. Thres- 
hold was defined as the lowest inten- 
sity level at which the subject re- 
sponded to two or more out of four 
trials. Only subjects with thresholds 
within the range from 0 to —20 db 
re audiometric zero were accepted. 


Before entering the EDR condi- 
tioning phase, the examiners selected 
the appropriate tone duration schedule 
which consisted of either 0.6 second 
tones or 3.0 second tones. For condi- 
tioning, a 1000 cps tone at +10 db re 
voluntary threshold was used. As 
stated earlier, 40% random reinforce- 
ment was employed, and adjacent 
trials were separated by intervals of 
15, 22 and 30 seconds distributed ran- 
domly. For the first three reinforce- 
ments the shocks were presented at 
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Ficure 1. Frequency distribution of EDR latencies for long and short tone groups. 

















EE 


ARONSON, HIND AND IRWIN: GSR AND TONAL INTENSITY = 215 


Taste 1. Analysis of variance of EDR magnitudes. 











Source df ms Ye F 01 
Between subjects (39) 
Duration (D) 1 6.66 10.95 7.50 
Schedule (S) 1 0.84 1.38 
Hand (H) 1 0.20 0.33 
DxS 1 0.19 0.31 
Dz HH 1 0.37 0.61 
HxS 1 0.11 0.19 
DxSxH 1 0.77 1.27 
Subjects in Procedure (Error Between) 32 0.61 
Within subjects (160) 
Intensity (I) 4 11.49 108.43 3.47 
DxI 4 1.29 12.20 3.47 
I xS 4 0.29 2.69 
P< 4 0.04 0.38 
IxDxS8 4 0.05 0.47 
I xDxH 4 0.09 0.83 
I xSxH 4 0.04 0.38 
f°*x Desx 4 0.13 1.23 
Subjects within x Intensity (Error Within) 128 0.11 
Total 199 








*All between effects tested by mean square for error between; all within effects tested by mean 


square for error within. 


the low intensity setting of the stimu- 
lator; the remaining shocks during 
conditioning were presented at the 
medium setting. The subject was con- 
sidered conditioned after responding 
to seven unreinforced tones that were 
not necessarily consecutive. If, after 
a total of 20 trials, this criterion 
could not be met, the subject was 
dropped from the sample. 

When the subject met the condi- 
tioning criterion, his EDR threshold 
was then determined. This procedure 
involved presenting a total of 40 un- 
reinforced and reinforced tones at 
1000 cps. These trials can be broken 
down into eight tones at each of 
the following five intensity levels 
re voluntary threshold: +10 db, 


+5 db, 0 db, —5 db and —10 db. 
Since 37.5% reinforcement was used, 
three out of the eight tones at each 
intensity level were reinforced, leav- 
ing five scorable responses at each 
of the five intensity levels. The shock 
intensity was held at the medium 
setting until half way through the 
test; at the 21st trial, the shock was 
elevated to the high setting. 


Analysis? and Results 


First, mean EDR latencies and 
amplitudes were computed for each 


*The authors wish to acknowledge the 
assistance of Dr. David A. Grant and Dr. 
Richard F. Thompson with the statistical 
aspects of this study. 
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subject’s responses at each of the 
five intensity levels. However, be- 
cause of the fact that on numerous 
occasions subjects gave no responses 
to tones, the problem arose of how 
to treat these ‘no responses.’ It was 
decided that mean EDR _ heights 
would be derived in two different 
ways: (1) the sum of the EDR heights 
in micromhes was divided by the 
number of actual responses and the 
resulting value called ‘mean ampli- 
tude’; (2) the sum of the EDR heights 
in micromhos was divided by the 
number of trials and the resulting 
value called ‘mean magnitude.’ Thus, 
mean amplitude corresponds to the 
actual mean height seen on the re- 
corder, whereas mean magnitude is 
a mathematical definition that com- 
bines in one expression the factors of 
amplitude and the percentage of trials 
on which responses actually occurred. 
Since the latency distribution of re- 
sponses (See Figure 1) exhibited no 
apparent peaking outside the range 
from 1.0 to 3.5 seconds, only responses 
within these limits were included in 
the amplitude and magnitude analyses. 
Differences with respect to mean 
EDR latencies and mean EDR mag- 
nitudes were evaluated by an analysis 
of variance, a design designated by 
Lindquist (6) as Type III, expanded 
to include two levels of a fourth 
factor. 


With respect to mean EDR magni- 
tudes, differences among the five 
intensities and also between the 
two durations were significant at 
the one per cent level, as indicated by 
the analysis of variance results sum- 
marized in Table 1. Mean EDR mag- 
nitudes were greater for the short 
tone group than for the long tone 
group. The interaction of duration 
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Ficure 2. Relation between mean EDR 
magnitude and stimulus intensity. 


with intensity, however, was also sig- 
nificant at the one per cent level. 
This interaction may be seen in Fig- 
ure 2 which shows that the rate of 
the rise in mean EDR magnitudes with 
increased intensity (after —5 db) was 
greater for the short tone group than 
for the long tone group. Because of 
the significant interaction, the simple 
effect of intensity was tested separ- 
ately for each of the two durations 
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Ficure 3. Relation between mean EDR am- 
plitude and stimulus intensity. 
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Tasie 2. Analysis of variance of EDR latencies. 











Source df ms FS Fo 

Between subjects (39) 
Duration (D) 1 27 .46 2.30 
Schedule (S) 1 2.02 0.17 
Hand (H) 1 6.31 0.53 
DxS 1 31.59 2.65 
DxH 1 0.01 
HxS 1 9.28 0.78 
DxSxH 1 3.27 0.27 
Subjects in Procedure (Error Between) 32 11.93 

Within subjects (160) 
Intensity (I) 4 182.20 9.83 3.47 
DxI 4 3.53 0.19 
I x8 4 18.23 0.98 
Iz 4 1.72 0.09 
IxDxs 4 3.55 0.19 
I xDxH 4 4.53 0.24 
I xSxH 4 3.75 0.20 
I xDxSxH 4 0.67 0.04 
Subjects Within x Intensity (Error Within) 128 18.53 

Total 199 








*All between effects tested by mean square for error between; all within effects tested by mean 


square for error within. 


of tone. Differences among intensities 
were significant® for each duration. 

Although analysis of variance was 
not done on EDR ‘amplitudes,’ the 
relationship between EDR ‘amplitudes’ 
and tonal intensity, as shown in Figure 
3, was found to be essentially similar 
to that between ‘magnitudes’ and 
tonal intensity. 

Analysis of variance was also per- 
formed to evaluate differences with 
respect to mean EDR latency. For the 
latency analysis the total recorded 





’For the short duration F = 38.42 and for 
the long duration F = 22.96. With 4 and 
80 df, F 1 = 3.56. 


range of response latencies from zero 
to 7.4 seconds was examined. The fol- 
lowing criteria were used in selecting 
the responses included in this analysis: 
(1) if one or more responses occurred 
within the range from 1.0 to 3.5 
seconds, the earliest one was chosen; 
(2) if no response occurred within the 
1.0 to 3.5 second range, the earliest 
response within the overall 7.4 second 
interval was chosen. The latency dis- 
tributions of responses meeting these 
criteria are shown in Figure 1. ‘No 
responses’ were assigned values of 8.0 
to 22.0 seconds taken from a table 
of random numbers. The results of 
the analysis of variance, summarized 
in Table 2, indicate that differences 
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Ficure 4. Relation between mean EDR 
latency and stimulus intensity. 


among intensities were significant at 
the one per cent level of confidence. 
As may be seen in Figure 4, EDR la- 
tency was shorter with increased tonal 
intensity. 

An examination of all of the EDR 
latencies at each of the five intensity 
levels indicates that the variability of 
latencies decreased markedly as tonal 
intensity increased from threshold to 
above-threshold intensities. This is re- 
vealed in Figure 1. This variability 
was less for the short tone group than 
the long tone group. A Bartlett test, 
performed on the EDR latencies at 
each of the five intensities, showed 
that there was significantly less varia- 
bility of EDR latencies for the short 
tone group at 0 db, +5 db and +10 
db re voluntary threshold, than for 
the long tone group. 

Comparison of the resistance meth- 
od results with the potential EDR’s 
revealed several facts: (1) EDR la- 
tency for the potential method was 
essentially the same as that for the 
resistance method; (2) with the par- 
ticular electrode placements used in 
this study, the wave shape of the 
potential response was more compli- 
cated than the resistance response; 


most of the time the potential wave 
was multiphasic,; (3) within a par- 
ticular subject’s record, the potential 
response was less stable, showing 
changes in wave form throughout 
the test. Because of these variations in 
wave form, analysis of EDR potential 
amplitudes was not attempted. 


Discussion 


It is apparent from this study that 
changes in the intensity of audible 
tones significantly affect the dimen- 
sions of the EDR. When a tone was 
increased from —5 db to +10 db re 
voluntary threshold, EDR latencies 
became significantly shorter and the 
variability of these latencies smaller. 
EDR heights became significantly 
larger. Subjects exposed to the short 
tone method showed significantly 
less variability of EDR latencies than 
those exposed to the long tone method 
at these stimulus intensities. 


Greater strength of conditioning, 
as evidenced by larger EDR heights, 
was achieved for the short tone group 
than for the long tone group. More- 
over, subjects under the short tone 
method were more successfully con- 
ditioned than those under the long 
tone method. In order to obtain 40 
conditionable subjects for the study, 
it was necessary to test 56 students; 
10 of these were rejected due to diffi- 
culty in conditioning. Of these 10, 
nine failures came from the long tone 
group while only one came from the 
short tone group. Thus, for the long 
tone group, there was only 69% suc- 
cess in conditioning while for the short 
tone group there was 95% success 
in conditioning. 

The finding that mean EDR latency 
and amplitude are orderly functions 
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of tonal intensity places EDR audi- 
ometrists closer to finding a method 
of rejecting spontaneous responses 
with a greater degree of certainty than 
has existed in the past. In addition, 
these data provide more information 
on the mechanism by which the EDR 
threshold is established, a consideration 
that will be treated in a succeeding 


paper (4). 


Summary 


EDR latency and amplitude as a 
function of tonal intensity were inves- 
tigated in 40 subjects, 20 of whom were 
conditioned with a 0.6 second tone 
followed instantaneously by shock 
while the remaining 20 were condi- 
tioned with a 3.0 second tone followed 
instantaneously by shock. Analysis of 
EDR latencies and amplitudes showed 


that latencies and amplitudes were 


different for different tonal intensi- 
ties. 

The 0.6 second method resulted in 
higher strength of conditioning than 
the 3.0 second method as evidenced 
by larger EDR amplitudes and greater 
numbers of successfully conditioned 
subjects. The 0.6 second method re- 
sulted in a greater rate of change of 
amplitudes with tonal intensity than 
for the 3.0 second method. The varia- 
bility of EDR latencies was smaller for 
the 0.6 second method than for the 
3.0 second method. 
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GSR Auditory Threshold Mechanisms: 
Instrumentation, Spontaneous Response 


And Threshold Definition 


J. E. Hind 
A. E. Aronson 
J. V. Irwin 


Although the conditioned GSR or, as 
recently suggested (2), the EDR 
(electrodermal response) is now wide- 
ly employed as an indicator of audi- 
tory sensitivity, the audiological litera- 
ture reflects little interest in the precise 
manner in which the threshold occurs. 
Thus, the threshold is typically de- 
fined in terms of the percentage of 
responses to a series of stimuli in a 
manner analogous to the familiar 
finger-raising response of clinical audi- 
ometry. Although some workers have 
taken EDR amplitude into considera- 
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tion to the extent of invoking an 
arbitrary minimum amplitude criteri- 
on for acceptance of a response (6), 
in general the role of decreasing am- 
plitude in establishment of the thres- 
hold has not been assessed. 

Another factor which has needed 
further attention has been the effect 
upon threshold of spontaneous activi- 
ty and the problem of differentiating 
these non-auditory EDR’s from true 
responses. Criteria intended to identify 
true responses on the basis of latency 
have been only partially successful. 
In one study it was found for the in- 
dividual subjects that on approxi- 
mately 20% of the silent control 
trials, responses occurred which could 
not be distinguished from tone re- 
sponses on the basis of latency (6). 
The possibility that improved identi- 
fication of spontaneous responses 
might be achieved through the use 
of a combined amplitude-latency cri- 
terion appears not to have been inves- 
tigated. 

Against this background, plans were 
formulated for the present research 
with the following objectives: (1) 
the development of EDR recording 
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equipment capable of meaningful am- 
plitude measurement together with 
precise latency determination; (2) 
description of the behavior of mean 
response amplitude and latency in 
the vicinity of the absolute auditory 
threshold under two tone-shock in- 
tervals (0.6 and 3.0 seconds); (3) an 
attempt to discriminate spontaneous 
responses from true responses on the 
basis of amplitude and latency; (4) 
investigation of the effect of varying 
threshold criteria. The scope of this 
paper is restricted to objectives (1), 
(3) and (4). A description of the 
behavior of mean EDR amplitude and 
latency at near threshold intensities is 
published elsewhere (1). 


EDR Instrumentation 


For recording the EDR, a technique 
long used by neurophysiologists in 
the measurement of response latency 
was borrowed.! In this method the 
responses are displayed on a cathode 
ray oscilloscope with the beginning of 
the horizontal sweep of the beam 
synchronized with the stimulus; thus, 
position of responses on the scope 
face clearly defines latency. Visuali- 
zation of responses against the noise 
background is facilitated by using a 
recording system of restricted band- 
width. The lower cut-off frequency is 
chosen just low enough for reasonable 
reproduction of what is considered 
to be the salient feature of the re- 
sponse wave form—namely, the onset. 
Use of a capacitor-coupled record- 
ing amplifier with an overall low- 





*The authors are indebted to C. N. Wool- 
sey, M.D., Professor of Neurophysiology, 
University of Wisconsin, for recommending 
the application of the cathode ray oscillo- 
scope to this problem. 
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Ficure 1. Circuit for measurement of EDR 
conductance changes. E = 10 volt battery, 
1=1000 ohm linear potentiometer, R.=300 
ohm resistor, P = palmar (positive) elec- 
trode, D = dorsal (negative) electrode. 








frequency time constant of one second 
results in fairly accurate reproduction 
of EDR onsets while eliminating 
slower fluctuations (5). An upper 
half-power frequency limit of 100 
cps was chosen, because, although 
this is much higher than required for 
adequate reproduction of responses, 
recognition of the relatively sharp 
wave forms encountered in movement 
artifacts is made easier. 


This system provides for recording 
EDR’s both in the form of internally 
generated potential differences and as 
changes in current flow from an ex- 
ternal potential source. Only the 
method for the latter measurement 
will be described here on the assump- 
tion that response amplitude is best 
expressed as a change in electrical 
conductance, for this measure is rela- 
tively independent of the base value 
and tends to be normally distributed 
(3). Further, since the observed con- 
ductance varies with the magnitude of 
the measuring current, it is desirable 
that this magnitude be under experi- 
mental control. 


The circuit, shown in Figure 1, is 
essentually that of Lacey and Siegel 
(4). With this arrangement the experi- 
menter, by periodic adjustment of 
potentiometer Ri, maintains the base 
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(between-response) current through 
each subject at the same constant 
value, in this case 40 pa. This base 
current can be measured most con- 
veniently by a low resistance micro- 
ammeter in series with the subject or, 
alternatively, the oscilloscope can be 
adapted to this purpose. The potential 
variations across R. are capacitor- 
coupled to the differential amplifier 
of the oscilloscope which has an ad- 
justable full-screen sensitivity of from 
0.2 to 20 mv. 

By definition, the change in con- 
ductance is the ratio of the change in 
current to the change in applied 
voltage. Since the battery, Ri, and 
R, constitute a potential source of low 
internal resistance compared with the 
subject, the applied electrode voltage 
for any setting of R, remains essen- 
tially constant during the variations 
in current associated with a response. 
The magnitude of this applied poten- 
tial may be read from the calibrated 
dial of R;. By Ohm’s law the transient 
potential variation across R, and the 
resulting scope deflection may be ex- 
pressed in terms of the change in sub- 
ject current. By dividing the measured 
change in subject current in micro- 
amperes by the applied electrode 
potential in volts the response ampli- 
tude is given directly in micromhos of 
conductance change. 

Each sweep of the scope is photo- 
graphed on a single frame of 35 mm 
recording paper so that responses may 
be analyzed for latency and amplitude. 
In this study an overall sweep duration 
of 7.4 seconds was employed. 


Experimental Procedure 


The experimental procedure is given 
in detail in another article (1) and 
hence will be outlined only briefly in 


this report. The subjects were 40 
college students who were found to 
have normal voluntary thresholds on 
the right ear at 1000 cps. They were 
conditioned by pairing 40% shock 
reinforcement with a 1000 cps tone 
10 db above each subject’s voluntary 
threshold. After the subject gave seven 
responses to unreinforced tones, a 
random pattern of test tones was pre- 
sented which included eight tones, five 
without shock, at each of five inten- 
sities: +10, +5, 0, —5, —10 db rela- 
tive to each individual’s voluntary 
threshold. The subjects were divided 
into two groups of 20 each, one re- 
ceiving tones of 0.6 second in duration 
and the other receiving tones of 3.0 
seconds in duration. Since the shock 
began immediately after the cessation 
of the tone, these tone durations can 
also be described as tone-shock inter- 
vals. 


Results 


Quite orderly relations were found 
between tone intensity and group 
mean EDR amplitudes and latencies. 
Also, significantly stronger condition- 
ing occurred in the subjects exposed 
to tones of 0.6 second than in the 
subjects exposed to tones of 3.0 sec- 
onds. However, the objective of this 
paper is, first, to determine whether 
the spontaneous activity can be differ- 
entiated from the true responses on an 
amplitude-latency basis and, second, 
to observe the effects of varying the 
threshold criterion. Consideration here 
shall be limited to the 20 subjects re- 
ceiving tones of 0.6 second although 
similar results occurred in the group 
receiving tones of 3.0 seconds. 

In order to compare response am- 
plitudes among the subjects, the con- 
ductance changes measured in each 
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LATENCY IN SECONDS 


Ficure 2. Relation between normalized EDR amplitude and latency for all responses of 


all subjects. 


individual have been normalized by 
taking the largest response as 1.0 with 
all other responses expressed as a 
decimal fraction of each individual’s 
largest response. Figure 2 shows the 
result of plotting the entire collection 
of normalized response amplitudes 
against latency at each intensity. There 
were 100 possible responses at each 
tone intensity since each of the 20 
subjects received five unreinforced 
tones at each intensity. The plots show 
only responses having latencies be- 
tween 1.0 and 3.5 seconds. These 
limits were chosen by inspection of 
the frequency distributions of re- 
sponse latencies which indicated that 
the range from 1.0 to 3.5 seconds 
would be broad enough to include 
essentially all of the true responses; 
to put it another way, this range in- 
cludes that portion of each frequency 
distribution which is raised above the 
uniform background distribution. 


It is clear from these plots that 
normalized amplitude drops off with 
decreasing tone intensity. The total 
number of responses also declines 
along the same direction. On the basis 
of the uniform distribution of response 
latencies and the low amplitudes, all 
of the responses at —10 db are inter- 


preted as spontaneous or unrelated to 
the tone. This interpretation is 
strengthened by the observation of 
relatively little increase in response 
measures at —5 db compared with 
—10 db. 

Both latency and amplitude criteria 
were applied to these data to deter- 
mine how completely such criteria 
can be employed to reject the re- 
sponses at — 10 db without decreasing 
appreciably the number of acceptable 
responses at +10 db. The latency 
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INTENSITY IN DB RE VOL. THRESHOLD 
Ficure 3. Number of acceptable responses 


at each intensity using the three amplitude- 
latency criteria described in the text. 
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limits of 1.4 to 2.9 seconds indicated 
by the two dashed vertical lines on 
each plot were chosen as being just 
broad enough to avoid rejecting a 
significant number of responses at 
those tone intensities which yielded 
clear peaks of latency distribution, 
that is, at +10, +5, and 0 db. Simi- 
larly, the horizontal dashed lines indi- 
cate a minimum acceptable amplitude 
criterion of 0.38 on the normalized 
conductance scale. This value was 
selected to reject 100% of the re- 
sponses at —10 db which fell within 
the 1.4 to 2.9 second latency criterion. 

The effects of these arbitrary am- 
plitude-latency criteria on the number 
of acceptable responses at each inten- 
sity are summarized in Figure 3. Here, 
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C-1 refers to the most lenient criter- 
ion: namely, responses of all ampli- 
tudes and latencies from 1.0 to 3.5 
seconds. This is, of course, the total 
collection of responses shown in Fig- 
ure 2. At —10 db there are 32 re- 
sponses; thus spontaneous responses 
meeting the latency criterion of 1.0 
to 3.5 seconds occurred on about 30% 
of the below-threshold trials. When 
all amplitudes are accepted but the 
acceptable latency range is narrowed 
to 1.4 to 2.9 seconds, criterion C-2 
results. This drops the number of 
acceptable responses at —10 db to 21, 
a decrease of 34% in spontaneous 
activity with a decline of only four 
responses or approximately 4% at 
+10 db. Finally, when the tightened 
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Ficure 4. Frequency distributions of EDR thresholds for 20 subjects based on five threshold 
criteria. C-1 thresholds determined by using all responses with latencies of 1.0 to 3.5 
seconds 5 pele of amplitude; C-3 thresholds determined by using only responses of 0.38 
ized amplitude or greater and latencies from 1.4 to 2.9 seconds. 
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latency criterion is combined with the 
0.38 or greater amplitude requirement, 
criterion C-3 results. Here, by inten- 
tion, all responses are eliminated at 
—10 db while only seven responses 
(about 7%) are rejected at +10 db. 


The results obtained by the appli- 
cation of five definitions of EDR to 
the same set of individual data are 
shown in Figure 4. This figure dis- 
plays the two sets of threshold distri- 
butions obtained with the two cri- 
teria of acceptable response, C-1 and 
C-3. Each distribution includes 20 
threshold values, one for each subject. 
The EDR thresholds are expressed in 
decibels relative to the voluntary 
threshold. In addition, the chart illus- 
trates the effect of varying the number 
of responses required for definition of 
threshold from one out of five through 
five out of five. Given on each dis- 
tribution are the mean threshold, a. 
and the standard deviation, S. 

Since all threshold definitions are 
arbitrary, it is appropriate to ask which 
of these threshold criteria is most de- 
sirable. One can be eliminated rather 
easily, the one out of five criterion 
for C-1 responses, for this yields a 
distribution in which 18 of the 20 
subjects have an EDR threshold of 
—10 db; this results from the fact 
that with a broad latency criterion 
and no amplitude criterion most sub- 
jects have at least one out of five 
spontaneous responses. Thus the ap- 
parent threshold would occur at the 
lowest intensity presented, which in 
this case was —10 db. As the number 
of responses required for threshold 
definition is increased, the mean thres- 
hold also increases. 

The best EDR threshold criterion 
could be interpreted as the one which 
gives best correlation with the volun- 
tary threshold. On these plots that 


would correspond to a mean EDR 
threshold of zero db. However, it 
must be remembered that perfect 
agreement between the two thres- 
holds need not be anticipated under 
the present experimental conditions, 
for the EDR and voluntary thresholds 
were obtained at different times and 
with different temporal patterns of 
tonal intensities. One other means of 
judging the adequacy of threshold 
criteria is the spread or standard devi- 
ation of the collection of thresholds. 
For the C-1 responses the standard 
deviation reaches a minimum of 2.3 
db at the five out of five criterion, 
which gives a mean EDR threshold of 
+3.5 db. For the C-3 or decontami- 
nated responses, a minimum standard 
deviation of 2.5 db is reached at a 
criterion of two out of five responses 
with a mean EDR threshold of +3.0 
db, a value in good agreement with the 
C-1 five out of five criterion. 


Discussion 


These data demonstrate that spon- 
taneous activity can be differentiated 
from true responses, at least under 
these experimental conditions. From 
the standpoint of practical use of EDR 
threshold tests, however, it would 
appear to be more expedient to raise 
the required threshold criterion to a 
value between 80% to 100% response 
rather than to attempt to eliminate 
spontaneous activity by amplitude- 
latency criteria. If the usual audio- 
metric threshold criterion of 50% re- 
sponses is used and spontaneous activ- 
ity is not rejected, the EDR threshold 
can clearly appear to be lower than 
the voluntary. 


The particular amplitude-latency 
criteria employed in this study will 
probably not be appropriate for other 
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experimental situations. As Zuidema 
et al. (7) have pointed out, the ampli- 
tude of specific or evoked responses 
and the amount of non-specific or 
spontaneous EDR activity both vary 
along a continuum which parallels 
the state of alertness of the subject. 
This ranges from complete lack of 
alertness in sleep through maximum 
attentiveness to wild panic. Successful 
use of the conditioned EDR for audi- 
tory threshold determination requires 
that the operator maintain the subject 
in the range near the center of the 
continuum where the amplitude of 
specific response is at a maximum and 
the number of non-specific responses 
is not prohibitively high. 


Summary 


EDR recording apparatus which 
fulfills the objectives of meaningful 
amplitude measurement together with 
precise latency determination is de- 
scribed. Amplitude is measured as the 
change in electrical conductance of 
the skin using a constant base (be- 
tween-response) current of 40 pa. 
Latency determination is facilitated 
by presenting the EDR’s on a cathode 
ray oscilloscope, each sweep being 
triggered simultaneously with the 
stimulus tone onset. 

Data from 20 subjects are analyzed 
by plotting normalized amplitude vs. 
latency at each of five test-tone inten- 
sities: +10, +5, 0, —5, and —10 db 
re each subject’s voluntary threshold. 

All of the responses at —10 db are 
interpreted as spontaneous, that is, un- 
related to tone. An arbitrary ampli- 
tude-latency criterion is chosen to 
reject all of these responses at —10 
db; when this criterion is applied to 


the +10 db intensity only seven per 
cent of the responses are rejected. 


The effect of varying the threshold 
definition from one out of five re- 
sponses to five out of five is illustrated 
both for the total collection of re- 
sponses and the collection remaining 
after rejecting those responses which 
fail to meet the amplitude-latency 
criterion. For the total collection of 
responses, which meet the usual clin- 
ical definition of response, least spread 
of the set of 20 thresholds occurs with 
a five out of five criterion. The results 
indicate the advisability of using a 
high percentage response for a thres- 
hold criterion in the presence of spon- 
taneous activity. 
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Myoelastic-Aerodynamic Theory 


Of Voice Production 


Janwillem van den Berg 


The myoelastic-aerodynamic theory 
of voice production deals with the 
control of the larynx by the higher 
centers of phonation. Only a few of 
the problems involved in the theory 
can be discussed here; therefore this 
paper will be restricted to normal 
voice production and the vowels. 

In normal voice production the 
vocal organs are (1) the lungs and 
trachea, which act as a bellows and 
windpipe, (2) the larynx, a complex 
organ which forms the generator for 
the vowels. and (3) the vocal cavi- 
ties, which form the resonator system 
driven by the glottis-generator in 
the larynx. These organs make a unit, 
and it is somewhat artificial to sepa- 
rate them, but it is not possible to 
understand the function of the unit 
without a knowledge of the properties 
of the components. Therefore, it is rea- 
sonable to start with a brief discussion 
of the behavior of the different organs 
and to end with a consideration of 
the peculiarities evoked by their 
coupling together. Apparently, the 
larynx is the central organ for the 
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vowels, and thus it is necessary to 
understand how the larynx is affected 
by the vocal cavities and the trachea 
and lungs. The effects are known 
when the acoustical resistance or im- 
pedance Z (Z=pressure/volume ve- 
locity) is known in the upward 
direction at the level just above the 
larynx and in the downward direc- 
tion at the level just below the larynx. 

The acoustical impedance of the 
vocal cavities at the level just above 
the larynx is directly related to the 
transmission of the sound signal from 
the larynx to the external air. This 
transmission was measured (3) with 
a hemilaryngectomized subject for 11 
cardinal vowels of the International 
Phonetic Alphabet, as seen in Figure 
1. The transmission T (T=volume 
velocity at the lips/volume velocity 
at the input of the vocal cavities) 
appears to depend upon the fre- 
quency. T is large for the formant 
or resonant frequencies of the vowel 
and is small for frequencies between 
the formants. Naturally the resonances 
of the vocal cavities are not infinitely 
sharp. In fact, the formants are 
damped (4) by energy losses resulting 
from (1) radiation of energy from the 
lips to the external air, particularly 
for the high formants, (2) friction 
in narrow parts along the vocal tract, 
particularly for formants of inter- 
mediate frequency and (3) sympa- 
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Figure 1. Transmission of the vocal cavities for 11 cardinal vowels of the International 


Phonetic Alphabet. 
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impedance of trachea and lungs. 


Figure 2. Input impedance of human trachea 
and lungs. 


thetic vibrations of the walls of the 
cavities, particularly those of the 
throat in response to the low form- 
ants. With an open glottis, formants 
also lose vibrational energy towards 
the glottis, trachea and lungs. The 
acoustical impedance at the input of 
the vocal cavities resembles the trans- 
mission curve; the input impedance 
of the vocal cavities is very large at 
the frequencies of the formants, and 
a large supraglottal pressure is needed 
to vibrate the air. Dunn (21) intro- 
duced a very successful method for 
the calculation of the properties of the 
vocal cavities by representing them in 
an electrical analogue and applying 
the formulae for electrical transmis- 
sion lines. The method also proved 
very successful for the design of 
electrical speaking machines (2/, 48). 

Interoceptive reflexes can arise at 
the palatum and the posterior wall of 
the pharynx; the sensory nerves in- 
volved are part of the fifth nerve. 
The magnitude of the reflexes depends 
on the vowel in question, on the 
sound level and on the acoustical 
properties of the room. The reflexes 
are primarily evoked by the second 
formant of the vowel (2). As the 
ear is the dominating proprioceptive 
organ in phonation, the effect of the 


above reflexes on the function of the 
higher centers is hard to investigate 
and not yet clear. The interoceptive 
reflexes in the larynx are conveyed 
by the tenth and eleventh nerve. 
These reflexes are primarily due to 
the first formant of the vowel (2). 
It is virtually impossible to measure 
the acoustical impedance of the tra- 
chea and lungs with living subjects. 
Recent experiments (5) on dogs and 
human corpses yielded results like 
those of Figure 2. The first valley 
belongs to the resonance of the 
trachea and lungs as a whole; the 
following peaks and valleys are caused 
by subsequent resonances and anti- 
resonances of the trachea and con- 
nected bronchi, which respond as an 
open organ pipe, with an effective 
length which decreases somewhat with 
increasing frequency. As in the vocal 
cavities, the acoustical impedance is 
large at the peaks of the curve. In 
measurements (5) of the amplitude 
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+ Subgiottic Pressure and Sound Pressure 
Trecheotomized. Patient 


Ficure 3. Sound pressure and subglottic 
pressure. Simultaneous recordings on a 
tracheotomized subject with a normal 
larynx. The subglottic pressures during vo- 
calization amounted to about 10 cm water 
pressure. The variations during the vocal 
period may be compared with the 2 cm 
water pressure bar. 
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of the vibrations of the chest on living 
subjects singing the same vowel with 
constant volume velocity and vary- 
ing pitch, f, it was found that the 
amplitude was proportional to f—*. 
Experiments (6) on the sound pres- 
sure and the subglottic pressure with 
a tracheotomized subject (See Figure 
3) were in agreement with these ob- 
servations. In spite of their typical 
resonant behavior the trachea and 
lungs are very efficient as a bellows 
and windpipe. 

Interoceptive reflexes in the trachea- 
lungs system, conveyed by the tenth 
nerve, may be active during loud 
speech or singing. It is, however, very 
difficult to investigate them. Presum- 
ably, these reflexes play a part in the 
so-called ‘Atemstiitze’ (36). 

The role of the larynx, the central 
voice organ of the vowels, has up to 
now been widely discussed. In an- 
cient times, Galen thought the tra- 
chea to be the central organ, acting 
as a flute. Dodart (18, 19, 20) proved 
in 1700 that the vowel originates in 
the larynx. However, by analogy to 
mouth-whistling, in which he was 
an artist, he thought that the pitch 
depended upon the area of the glottis. 
In his opinion, the only task of the 
vocal folds and laryngeal muscles was 
to vary the area of the glottis appro- 
priately; he believed that eddies in the 
glottis generated the sound, as with 
the whispered voice. In the nineteenth 
century the physicists Savart (43) and 
Guillemin (28) defended a comparable 
analogy. The vowel was supposed to 
originate by eddies in the laryngeal 
ventricle, a mechanism comparable 
to that in the hunter’s whistle, which 
Savart attempted to explain. By exper- 
iments with the inhalation of gas 
mixtures with a high sound velocity, 
this theory was easily disproved (9), 
as the pitch remained constant, where- 


as the formants shifted in frequency 
according to the variation of the 
velocity of sound. 

A very important contribution is 
due to Ferrein (23), 1741, who first 
performed animal experiments on 
voice production and proved that the 
vibrations of the vocal folds are 
essential and not of a secondary na- 
ture. He thought, however, that the 
sound was directly produced by the 
vibrations of the folds, in the manner 
that a string drives the surrounding 
air. Helmholtz (29) showed that the 
puffs or rushes of air escaping through 
the glottis are the primary source of 
the sound. The larynx thus contains 
a glottis-generator. 

The essential function of the vibra- 
tions of the folds, at least with the 
chest, mid and falsetto voice, is now 
commonly accepted. The divergence 
between the present day theories 
arises when it is asked how these 
vibrations are produced. According 
to Husson’s (31, 32, 33, 34) neuro- 
chronaxic theory, each new virbation 
is induced by a new impulse sent by 
the brain to the musculus vocalis by 
way of the recurrent nerve. The 
myoelastic-aerodynamic theory, on 
the other hand, postulates that the 
vocal folds are actuated by the stream 
of air delivered by the lungs and 
trachea. Thus, the fundamental fre- 
quency of the vibration is thought 
to depend on the effective mass and 
stiffness of the vocal folds; they are 
regulated, in all fine detail, by the 
sustained innervation of internal and 
external laryngeal muscles and by 
the activity of the bellows and the 
associated resonators. These theories 
cannot be united and anatomical, 
histological, physiological and physi- 
cal data will have to provide the 
decision. These data are available to 
some extent, but they are differently 
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Ficure 4. Left musculus vocalis: mucous 
membrane, ligamentum vocale and _ inter- 
muscular connective tissue removed (S = 
thyroid, St. = arytenoid, TV = portio 
thyreovocalis and TM = portio thyreomus- 
cularis) . 


interpreted. 

Anatomically, the larynx is one of 
the most complicated structures of 
the body. A great number of muscles 
attach to the arytenoids; the anatomy 
of the musculus thyreoarytenoideus 
internus, the musculus vocalis, has 
been much discussed since the investi- 
gations of Goerttler (27) and Behr- 
inger (2). Their studies seemed to 
provide an anatomical substantiation 
for the neuro-chronaxic theory. 
They concluded that the musculus 
vocalis is made up of two bundles, 
each inserted on the border of the 
vocal folds, the ligamentum vocale. 
With such an insertion it would be 
evident that a contraction of the 
musculus vocalis would open the 
glottis, as required by the neuro-chro- 
naxic theory. As has been pointed out 
(9, 11), this anatomy would be highly 
insufficient for the vital function of 
the larynx to close the trachea and 
lungs hermetically from the external 
air (which can also be done by 
species without ventricular bands, that 
is, ruminants). For example, during a 
cough or during swallowing, the 
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larynx would open at a contraction 
of the musculus vocalis. Investigations 
by Wustrow (58), Mayet (37, 38) 
van den Berg and Moll (10), and 
Vosteen (54) yielded results in agree- 
ment with the classical opinion, show- 
ing a musculus vocalis with longitu- 
dinal fibres, inserting on the thyroid 
and on the arytenoid. The musculus 
vocalis appeared to be made up of 
two bundles (See Figure 4) which 
Wustrow called Portio thyrovocalis 
and Portio thyromuscularis according 
to their insertion on the processus - 
vocalis or muscularis of the arytenoid. 
Only a negligible number of muscle 
fibers were found to insert on the 
ligamentum vocale, whereas fibers do 
insert on the free border in the region 
of the conus elasticus. Presumably, 
Goerttler’s conclusions (27) were 
based on a wrong interpretation of 
the twisting of these bundles with 
respect to each other and of the in- 
sertion of muscle fibers on the conus 
elasticus. 


The innervation of the larynx is 
very rich. The motor supply of the 
internal muscles comes from the re- 
current nerves, which also convey 
the proprioceptive reflexes and pos- 
sibly also the interoceptive reflexes of 
the lower part of the larynx. Intero- 
ceptive reflexes of the mucous mem- 
branes of the upper part of the larynx 
are conveyed by the superior laryn- 
geal nerve, which also contains the 
motor and sensory nerves of the 
musculus cricothyreoideus. The mus- 
cle fibers of the musculus vocalis and 
the nerve fibers of the recurrents are 
of the rapid type and a great number 
of end organs in the musculus vocalis 
suggest numerous sources of proprio- 
ceptive reflexes. All available data 
indicate that the larynx is well 
equipped for the tremendous task 
it must perform daily. 
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Ficure 5. X-ray tomograms, 2 cm behind Adam’s apple, of a bass vocalist, chest voice at | 
F, 173 cps, distance 1 m. 
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Figure 6. Frontal coupe through the vocal 
fold of an adult. Haematin-Eosin (29). 


The internal laryngeal muscles form 
a structure which is entirely different 
from that composed of two elastic 
bands which may be brought to- 
gether by the action of the musculus 
interarytenoideus. On the contrary, 
the form of the vocal folds can be 
varied and this fact needs to be taken 
into account (9, 11). In the falsetto 
voice the margins are seen to be 
rather thin and pointed, and the vibra- 
tions are limited to a small region in 
the neighborhood of the ligamentum 
vocale; this shape results from the 
high tension exerted upon the liga- 
mentum by the contraction of the 
musculus cricothyroideus, which 
lengthens and stretches the vocal 
folds. The investigations showed that 
the ligamentum vocale needs large 
forces in order to be stretched some 
20 to 40%, and this is one explanation 
for the small amplitude of the vibra- 
tions in the high pitches of the fal- 
setto voice. The chest voice, on the 
other hand, shows a thicker margin of 
the folds in which case they can make 
contact over a depth of several milli- 
meters. This depth is related to the 
sound level (See Figure 5). With an 


VAN DEN BERG: 








MYOELASTIC-AERODYNAMIC THEORY 233 
intense sound, the cords may be firmly 
pressed together (11) by the con- 
traction of the musculus vocalis ex- 
ternus and the musculus cricoaryte- 
noideus lateralis. With the chest voice 
the tension mainly depends on the 
contraction of the musculus vocalis 
and a greater part of the folds is put 
into vibration than with the falsetto 
voice. The amplitude of the vibrations 
and the effectively vibrating mass of 
the folds in chest voice is thus much 
larger than with the falsetto voice. 
The neglect to consider this ability 
of the larynx was one of the reasons 
for the introduction of the neuro- 
chronaxic theory (9, /1). 

In discussions on the ligamentum 
vocale (See Figure 6), it is mostly 
tacitly assumed that this ligament 1s 
an elastic string of negligible thick- 
ness. In fact, however, it is a thin 
band, which can be three to five milli- 
meters broad. The cells of its mucous 
membrane are modified into plate 
epithelial cells, which are usually 
found in places where relatively high 
contact pressures can occur. Presum- 
ably, this modification is caused by 
the contact of the vocal folds during 
the chest voice. The upper and lower 
edges of the ligamentum can be 
clearly seen on alternately preparing 
for a low pitch tone in the expiratory 
and inspiratory voice. Thus, the glot- 
tis, which we define as the region be- 
tween both ligaments, has a certain 
depth, which depends on the type 
of the voice and the sex. In the low 
pitch chest voice the longitudinal 
tension of the vocal folds arises from 
the musculus vocalis; in the high pitch 
falsetto voice it arises from the liga- 
mentum vocale. 

The thickness of the margins in the 
chest voice causes a phase difference 
between the vibrations in different 
horizontal planes of the larynx. To 
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cite the description issued with the 
Bell film? of 1940: ‘At the lowest 
pitches . . . vibration takes place 
throughout a considerable depth, 
from above down towards the trachea. 
Assuming the closed position of the 
cycle the opening appears to begin 
from underneath, toward the trachea, 
progressing upward and outward. In 
other words, there exists a phase dif- 
ference between different vertical po- 
sitions.’ According to the photographs 
the glottis opens from beneath to 
above and closes in the same direc- 
tion, at least with the expiratory 
voice. This phase difference is due to 
the fact that the ligamentum vocale 
(See Figure 6) is not stretched in 
the low pitches of the chest voice, 
permitting large deformations and 
large amplitudes of the vocal folds. 
These large deformations are further 
possible because the fibers of the 
musculus vocalis can shift somewhat 
with respect to each other and be- 
cause of the looseness of the upper 
surface of the vocal folds. These 
factors explain the occurrence of rapid 
wavelike motion or ripples which are 
seen to pass over the top surface after 
the opening and closing of the glottis. 
As shown by the Bell film and later 
films, ‘Horizonta!ly the opening along 
the length of the cords may also have 
a phase difference.’ This is due to an 
unequal distribution of mass and 
stiffness along the cords; in the lowest 
pitches of the chest voice the aryte- 





*High-speed motion pictures of the human 
vocal cords have been made for Bell Tele- 
phone Company, 1940, by J. C. Steinberg, 
D. W. Farnsworth, and H. J. Smith (avail- 
able at the Bureau of Publications, Bell 
Telephone Company). Later high-speed 
films of the human larynx have been pre- 
pared by R. Luchsinger, B. Vallencien, P. 
Moore and H. von Leden. A recent high- 
speed film by J. Piquet, G. Decroix and J. 
Libersa will be discussed later. 


noids are seen to vibrate and their spe- 
cific mass differs from that of the 
cords. The lateral pressure can also 
differ along the length of the cords. 
Phenomena arising from differences 
between left and right cords will be 
discussed in a following paragraph. 
With high-speed photography or 
modern synchronous _ stroboscopy, 
light reflections from the curved top 
surfaces are sometimes going inward; 
but the above wavelike motions or 
ripples over the top surface of the 
cords, after the opening of the glottis, 
are always seen to pass outward from 
the glottis to the lateral side. The 
reversed direction will be seen with 
non-synchronized stroboscopes when 
the pitch of the subject is somewhat 
below the frequency of the strobo- 
scope instead of above. Presumably 
this is the explanation for the results 
of Heymann (30), who, with a non- 
synchronized stroboscope, in 80 per 
cent of his normal cases in the chest 
voice observed an ‘Art von aktiver 
wellenformiger Bewegung beider 
Stimmlippen . . ., die sich beiderseits 
vom Sinus Morgagni her nach dem 
freien Rand der Stimmlippen hin 
bewegt und dort verschwindet bzw. 
von der passiven, durch den Luftstrom 
bedingten Schwingung des freien 
Randes tibernommen wird.” He 
thought that this was caused by an 
active innervation: ‘Jedenfalls sieht 
man das Phanomen nie bei einseitiger 
Nervenschadigung, wie zum Beispiel 
einer Rekurrensparese, auf die er- 
krankten Seite.’ This explanation is 
the more likely, as Heymann did not 
discuss this source of error. The 
disappearance of the ripples on the 
top surface on the paretic side will be 
caused by the much smaller amplitude 
of the vibrations at this side, and 
eventually also by a decrease of the 
water content of the mucous mem- 
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brane at this side. 

In his rubber models of the larynx, 
Smith (44) assumes a tight contact 
between the musculus vocalis and the 
ligamentum vocale, but totally free 
movability of the mucous membrane 
on the conus elasticus with respect to 
the underlying muscle. In _ these 
models, the vertical phase differences 
in the chest voice are supposed to be 
due to the free movements of these 
subglottic membranes. There is, how- 
ever, no anatomical basis for these 
models which cannot represent the 
wavelike motions passing over the top 
surface of the folds. The edges of the 
models are relatively stiff, and the 
‘glottis’ must be made too deep in 
order to show the phase differences. 
The role of the mucous membranes 
is overestimated in these models. 

The -role of the musculus vocalis 
is overestimated in the neuro-chro- 
naxic theory (31, 32, 33, 34), which 
supposes that each vibration is started 
by a contraction of the musculus vo- 
calis, opening the glottis. It was just 
seen that there is no anatomical basis 
for this theory and that such an 
anatomical structure would interfere 
with other vital functions of the 
larynx. There are, however, many 
more arguments to reject this theory. 
Some arguments may be briefly dis- 
cussed now: (1) The left recurrent 
nerve is about 10 cm longer than the 
right one. At a velocity of 100 m/sec 
of the impulses along the nerves (the 
highest velocity observed in nerves), 
the impulse of the left nerve would 
arrive in the larynx with a delay of 
1 msec with respect to the impulse 
from the right nerve. This is a short 
delay, but it is not negligible; for 
example, it amounts to half the dura- 
tion of the cycle at a fundamental 
frequency of 500 cycles per sec. Ac- 
cording to the theory, at such large 
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frequencies large phase differences 
between the vibrations of the left and 
the right vocal folds ought to result; 
for example, one fold might be maxi- 
mal outward and the other one maxi- 
mal inward at the same time. (These 
phase differences, however, are only 
seen in pathological cases.) Theoret- 
ically, it might be possible to cor- 
rect for such a time delay, but there 
are no adequate tools for this cor- 
rection, as problems of the same kind 
arise with the propagation of the 
proprioceptive impulses back to the 
brain. The time involved in the whole 
chain, motor and sensory, is at least 
5 msec, which is long compared with 
the duration of the vocal period at 
pitches of 300 cps and higher. It is 
interesting to note how the simultan- 
eity of movements, for example, of the 
two hands breaks down when the 
period of the movements decreases 
and attains a value comparable to the 
duration of the propagation of the 
impulses along the nerves. (2) The 
peculiarities of the coupling of the 
vocal cavities to the larynx and the 
vocal folds to each other cannot be 
plausibly explained. (3) The theory 
cannot explain why a certain minimal 
air flow is needed to produce vibra- 
tions of the folds. The vibrations can 
be produced in the normal way, ex- 
piring the air, and also in the reversed 
way, inspiring the air, but there is a 
gap between these modes of vibration; 
the vibrations cease when the flow is 
too small. (4) The pitch does not 
alter on alternately expiring and 
inspiring air in the falsetto or mid 
voice, but does so in the chest voice. 
(5) The effect of the subglottic pres- 
sure on the pitch cannot be plausibly 
explained. (6) The effect of the re- 
sistance of the vocal cavities on the 
pitch cannot be plausibly explained. 
(7) The very high pitches attained by 
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some subjects—up to more than 2000 
cps—are due to eddies in the larynx 
and subsequent cavity resonance, but 
not to vibrations of the vocal folds, 
as recently shown by experiments 
(5) after the inhalation of different 
gas mixtures. In fact, the highest pitch 
attainable was shifted in several exper- 
iments from 2250 cps in air to fre- 
quencies up to 3370 cps in the mix- 
tures. (8) Active vibrations at a high 
pitch, that is, 500 cycles per sec, 
would tend to damage the folds in a 
short time, as the heat of activation 
of the muscle fibers is rather high, 
presumably of the order of 0.5 cal/ 
gram/sec at a pitch of 500 cps. (9) 
Gutzmann’s pressure test cannot be 
plausibly explained. (10) High-speed 
motion pictures of the vocal cords 
during a ‘breathy attack’ show that 
the vibrations start with an inward 
movement of the folds instead of an 
outward movement, as observed by 
Smith (44). (11) Sonninen (46) ob- 
served that the highest pitch attainable 
in the falsetto voice depends on the 
position of the head; the pitch drops 
when the head is bent backwards. 


A recent high-speed film by Piquet, 
Decroix and Libersa (40) is claimed 
to show vibrations of the vocal folds 
without any stream of air through 
the glottis. The experimenters put a 
cannula in the trachea of a patient, 
via a tracheostoma, and inflated the 
cuff around the cannula in order to 
prevent any flow through the glottis. 
Then the patient was asked to phonate 
and the cords were photographed. 
Vibrations, with movements about 
equal to those during normal phona- 
tion, were recorded during about 0.5 
sec. This would imply that the vibra- 
tions seen during normal phonation 
are also due to repetitive nerve im- 
pulses and not to actuation by the 
stream of air. However, it is probable 


(12) that the occlusion of the trachea 
was not adequate, as the observers 
heard a sound during the experiment, 
with a duration comparable to the 
duration of the film. A very small 
stream of air through the glottis can 
account for the observed vibrations; 
recently 9 to 10 ml of air were shown 
(12) to be sufficient for the produc- 
tion of a sound during 0.5 sec. Strobo- 
scopic experiments (J2), on a tra- 
cheotomized subject with a normal 
larynx showed that the sound and 
the vibrations of the folds cease im- 
mediately when the stoma is opened 
during a sustained effort to phonate; 
the sound and vibration resume im- 
mediately when the stoma is occluded 
again. When the stoma is alternately 
opened and closed, this sequence can 
be seen a number of times during one 
sustained effort to phonate. This 
phenomenon has been confirmed by 
von Leden and Moore with a number 
of high-speed films on a patient with 
a normal larynx: ‘Repeated motion 
pictures on different days show with- 


lectromyogram, Microphonic effect 
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Ficure 7. Microphonic effect of the larynx, 
vowel [a], fundamental frequency B, 122.5 
cps, and C, 137 cps. Upper curves are sound 
pressure. Lower curves are electromyogram 
of a vocal fold, needle electrodes. The cor- 
responding curves are synchronous. The 
passive variations (deformation, microphonic 
effect) are much greater than the active 
variations (spikes). 
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Ficure 8. Electromyograms of a frog muscle and human vocal muscles, showing the dif- 
ference between active and passive variations. Top curves are active variations (spikes) 
initiated by a nerve impulse. Middle curves are passive variations, caused by vibrations 
of the muscle on account of a vibrator actuating the frog muscle or a stream of air 
actuating the vocal muscle. Lower curves are frog muscle stimulated by a nerve impulse 
and a vibrator; vocal muscle is actuated by a stream of air, together with the sound 
emitted from the mouth; no initiating active variations are seen. 
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out doubt the complete cessation of 
vibratory movements when the air 
escapes unimpeded through the tra- 
cheal opening; the normal vibratory 
pattern resumes as soon as the tracheal 
stoma is again occluded.” 


Experiments by Moulonguet et al. 
(39) were claimed to show synchro- 
nism, during some parts of the regis- 
trations, between the impulses derived 
from a recurrent nerve and the fun- 
damental frequency of the sound 
curve. Unfortunately, the reproduc- 
tion of the curves in the article is 
not good enough to allow exact meas- 
urements by the reader and thus it is, 
for example, impossible to examine 
whether a number of the recorded 
impulses were sensory instead of 
motor. Moreover, the neuro-chronaxic 
theory requires synchronism during 
the whole sequence. Some parts of the 
curves suggest that a kind of micro- 
phonic effect may have been recorded 
too. 


A microphonic effect of the larynx 
has been recorded by van den Berg 
and Spoor (13) during experiments 
on a patient with a stoma above the 
larynx, with needle electrodes put in- 
to the vibrating part of a normal vocal 
fold. The records (See Figure 7) 
show perfect synchronism between 
the electromyogram and the sound 
curve, but the e.m.g. is passive and 
is not caused by active muscle spikes 
in the rhythm of the fundamental 
frequency. This passive microphonic 
effect of the larynx, which is due to 
vibrations of the muscle fibers and 
the needle electrodes, can also be used 
to explain the results of Portmann 
(41, 42). When electromyograms are 





*This quotation is from a personal letter 
from Dr. von Leden of Chicago, on the 
subject of this film. 


obtained under different conditions 
(with a resting muscle stimulated via 
its nerve, with a muscle vibrated pas- 
sively by means of a vibrator put 
against the muscle or by a stream of 
air from the lungs, and with the com- 
bination of stimulation via the nerve 
and passive vibration) it is seen that 
active variations (spikes) are very 
rapid, with a duration of 1 msec or 
less, whereas passive variations are 
much slower (See Figure 7). The 
variation must have the typical form 
of the spike, otherwise it cannot be 
explained as a sign of muscular ac- 
tivity (See Figure 8). Recent experi- 
ments by Spoor and van Dishoeck 
(47) have shown a superposition of 
a passive microphonic effect and 
asynchronous muscle spikes. With 
electrodes placed in the non or 
slightly vibrating part of the cords, 
Faaborg-Andersen (22), have shown 
that the microphonic effect can be 
avoided. 


Laget’s (35) experiments on dogs 
were interpreted as supporting the 
neuro-chronaxic theory. With no 
stream of air through the glottis a 
recurrent nerve was stimulated with 
volleys of electrical impulses during 
1 sec, followed by a resting time of 
2% sec, etc. This procedure was 
chosen in order to prevent the de- 
velopment of a tetanus of the mus- 
culus vocalis, which normally de- 
velops at a rather low rate of con- 
tinuous stimulation, 50 to 100 stimuli 
per second. Stroboscopic examination 
showed slow vibrations up to a stimu- 
lating frequency of 600 per second. 
At the arrival of the volleys, however, 
the fold was seen to move inward, but 
not outward as required by the neuro- 
chronaxic theory. Fessard and Val- 
lancien (24, 25, 26) showed that the 
vocal cords are put into slow oscilla- 
tions, with a frequency from two to 
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Ficure 9. Effect of the subglottic pressure 
on the pitch. A sudden pressure is exerted 
on the stomach during a sustained vowel. 


seven per second, when stimulated 
with high frequency impulses. With 
stroboscopic illumination, they ar- 
gued, these slow oscillations are seen 
in their own, slow period. High-speed 
photography would reveal the true 
frequency, but such films have not 
been made. Moreover, with volleys of 
very short duration the phenomenon 
to be investigated is superimposed 
upon the large movements induced 
by the simultaneous stimulation of the 
motoric nerve fibers of the musculus 
interarytenoideus. This large move- 
ment will induce a damped oscillation 
of the musculus vocalis which must 
be separated from the movements 
caused by the stimulation of the 
vocalis fibers. 

It may now be asked how the 
functioning of the glottis-generator 
is to be realized on the basis of the 
myoelastic-aerodynamic theory. The 
fundamental frequency of this gen- 
erator is equal to the frequency of the 
vocal fold vibrations and this fre- 
quency depends on a number of in- 
terdependent factors: (1) the effec- 
tive mass of the vibrating part of the 
vocal folds; (2) the effective tension in 
the vibrating part of the vocal folds, 
(3) the effective area of the glottis 


during the cycle, which determines 
the effective resistance of the glottis 
and the effective value of the Ber- 
noulli effect in the glottis; (4) the 
effective value of the subglottic pres- 
sure; (5) the damping of the vocal 
folds. When these factors are known, 
the frequency can be calculated, using 
modified formulae for damped strings. 
The factors (3) and (4) need some 
further discussion. 


When the other factors remain con- 
stant, the effect of the subglottic pres- 
sure on the pitch can easily be seen. 
For example, in Figure 9 a sudden 
push was exerted upon the stomach 
during a sustained vowel in the chest 
voice (the magnitude of the effect de- 
pends upon the register of voice). The 
pitch is seen to rise; it is very dif- 
ficult to compensate for this effect of 
a sudden increase of the subglottic 
pressure. The effect can also be dem- 
onstrated with various models of the 
larynx. Johannes Miiller had already 
observed it and he proposed in his 
‘Kompensationsgesetz der Krifte’ that 
a compensation is needed when the 
pitch is to remain constant at varying 
subglottic pressure. Particularly in un- 
trained subjects the pitch is heard to 
rise when they are asked to make a 
swelling tone at constant pitch. The 
effect was explained (12) by taking 
into account the distension of the 
laryngeal cage by the increased sub- 
glottic pressure and the increased Ber- 
noulli effect in the glottis. 

The Bernoulli effect has already 
been mentioned by Tondorff (50). 
It is illustrated by making two papers 
collide when air is blown through 
them, and it can be demonstrated with 
models of the larynx. The air- 
resistance of the larynx and the Ber- 
noulli effect in the glottis were re- 
cently measured by van den Berg, 
Zantema and Doornenbal, Jr. (14) by 
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experiments on a cast of a normal 
fresh human larynx, for static volume 
velocities up to 2 liter/second and/or 
subglottic pressures up to 64 cm 
water. Some of the results were as 
follows: the bulk of the air escapes 
under conditions of turbulent flow, 
whatever the form of the larynx may 
be, and the ow is then proportional 
to the area of the glottis and to the 
square root of the subglottic pres- 
sure. The differential resistance (that 
is, the resistance for variations super- 
imposed upon the mean flow) is then 
of the same order of magnitude as the 
input resistance of the vocal cavities 
at the frequencies of the formants. 
The pressure at the outlet of the glot- 
tis is negative on account of the suck- 
ing Bernoulli effect and amounts to 
about half the value calculated on the 
assumption that energy losses are 
negligible; the mean pressure in the 
glottis effectively contributes to the 
stiffness of the vocal folds. The clos- 
ure of the glottis is thus brought 
about by three basic factors: (1) the 
decrease of the subglottic pressure due 
to the escape of subglottic air, (2) 
the tension of the vocal folds, which 
causes them to become shorter, thus 
closing the glottis, and (3) the suck- 
ing effect of the escaping air, which 
is largest at the places with largest 
velocity of the air. 

At constant mean subglottic pres- 
sure the mean flow through the larynx 
depends upon the mean air-resistances 
of larynx and vocal cavities. Nor- 
mally, the resistance of the vocal cavi- 
ties is much smaller than the resistance 
of the larynx. Under certain circvm- 
stances, however, the resistance of the 
vocal cavities is large enough to be 
significant; for example (15), the ven- 
tricular bands may be brought to- 
gether to such an extent that they too 
are thrown into vibration. A parasitic 


vibration can also be produced at a 
higher level, near the tip of the epi- 
glottis, when the epiglottis is bent to- 
wards the posterior wall of the 
pharynx. A large resistance can also 
be introduced by partially closing the 
nose during humming. In. all these 
cases the fundamental frequency is 
lowered when the large resistance of 
the vocal cavities is suddenly added 
without compensation in the larynx. 
The same is seen when a vowel 
is alternately produced normally and 
throatily. These phenomena cannot be 
plausibly explained on the basis of 
the neuro-chronaxic theory, whereas 
they are easily explained on the basis 
of the myoelastic-aerodynamic theory, 
taking into account the increase of 
the supraglottal pressure and the de- 
crease of the Bernoulli effect. 

The spectrum delivered by the glot- 
tis-generator is also affected by the 
above procedures. A weak and rela- 
tively broad puff, as in the falsetto 
voice and the low intensity chest 
voice, will produce few higher har- 
monics of the fundamental tone; a 
strong and relatively short puff, as in 
the high intensity chest voice, pro- 
duces a great number of high har- 
monics. In this respect it should be 
pointed out that the results of experi- 
ments on the air-resistance (14) of 
the larynx indicate that the puffs are 
sharper, being limited to a shorter 
time, than an analysis of the glottal 
area from high-speed motion pictures 
would reveal. The bulk of the air 
tends to escape during the first phase 
of large areas. Also, as the subglottic 
pressure drops on account of the es- 
cape of subglottic air (See Figure 3), 
the puff may escape in the form of a 
‘droplet’ of air near the beginning of 
the opening phase. Recent experiments 
by Beckmann (1) on the primary 
glottal tone are in agreement with 
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Ficure 10. Efficiency of voice production, 
vowel [a]. Sound pressure at 25 cm directly 
in front of the mouth versus mean subglottic 


energy, mean subglottic pressure (p.) times 
mean flow (mf). 


these considerations. Usually, the 
opening of the glottis proceeds more 
rapidly than the closing. In a high- 
speed film by Vallancien, however, 
the closing appears more rapid than 
the opening and a strong glottal tone 
apparently originates at the closing. 
Presumably these differences are re- 
lated to the resonance of the trachea 
and lungs (See Figure 2). With the 
chest voice the opening quotient, that 
is, the ratio of the duration of the 
opening phase to the duration of the 
cycle, is an important figure in this 
respect. With a large opening quo- 
tient, few higher harmonics are to be 
expected; with a small opening quo- 
tient, the number of harmonics can 
be very large (also with cesopha- 
geal voice). Recent experiments by 
Timcke (49) indicated that the open- 
ing quotient is rather constant at 
various pitches with comparable in- 
tensity of the voice. Therefore, as 
pointed out before (9, 11), it is eco- 
nomical for the subject to choose his 
mean pitch in the high region of the 
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pitches which he can easily produce. 
The efficiency of voice production 
has been studied (16) for the vowel 
[a] (See Figure 10). It appeared that 
the totally emitted sound energy, for 
the whole region of the voice, in- 
creased with about the fourth power 
of the mean subglottic pressure or 
mean flow and with the square of the 
subglottic energy. For practical pur- 
poses the spectrum of the glottis-gen- 
erator in the chest voice can be taken 
to decrease with a slope of 6 db per 
octave for low frequencies and 12 db 
per octave for high frequencies. 


So far, the properties of the vocal 
organs have been discussed separately; 
now it is necessary to investigate the 
effects of the coupling of these vi- 
bratory organs into a unit. Which one 
will determine the frequency of the 
fundamental tone? As a general rule, 
the organ with the smallest damping 
rules the others. Fortunately, the 
larynx is the system with the smallest 
damping. Thus man can speak or sing 
at the pitch he desires, at least within 
certain limits, without complications 
by the coupling of the other organs 
to the larynx. However, minor dif- 
ficulties might be expected when the 
impedance of the trachea and lungs 
or vocal cavities approaches the im- 
pedance of the generator, that is, 
when the pitch comes near a resonant 
frequency of either trachea and lungs 
or vocal cavities, as the impedances 
are then of the same order of mag- 
nitude. 

The effects of the coupling of the 
vocal cavities to the larynx have been 
described by Weiss (55, 56) after his 
experiments with elongation of the 
vocal cavities by tubes taken into the 
mouth. The effects are then just the 
same as those predicted by Wien’s 
(57) theory on coupling: the pitch is 
lowered when the formant is some- 
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what higher than the frequency of 
the vocal fold vibration and the pitch 
is heightened when the formant is 
somewhat lower. Weiss suggested that 
the difficulties of the register transi- 
tions were due to this type of coupl- 
ing, but Trendelenburg (5/, 52, 53) 
has shown that this does not apply, 
as the difficulties are independent of 
the vowel in question. Van den Berg 
(17) proved that these pitch effects 
arise when (1) a node of the pressures 
is present at the input of the vocal 
cavities (that is, for a formant of the 
vowel), and (2) when the supraglot- 
tal pressure attains a value which is 
comparable to the value of the sub- 
glottal pressure (that is, when the fun- 
damental frequency approaches the 
formant). The supraglottal pressure 
is already much smaller when the 
second harmonic (first overtone) ap- 
proaches the formant, as the volume 
velocity of the second harmonic is 
already much smaller than the volume 
velocity of the fundamental tone. The 
difficulties are then limited to rapid 
transitions in the strength of the sec- 
ond harmonic in the signal emitted 
from the mouth. Even with the fun- 
damental tone approaching the for- 
mant, the difficulties are normally 
small, however, as the larynx has a 
simple means of decreasing excessive 
supraglottal pressures, namely, by in- 
creasing the damping of the formant 
by means of increased energy losses 
toward the trachea and lungs. This in- 
crease is brought about by a slight 
change of the vibratory pattern, the 
mean area of the glottis during the 
cycle becoming slightly larger. 

A second type of coupling has been 
suggested (17) to explain the phase 
differences observed under some path- 
ological circumstances between the vi- 
brations of the left and right vocal 
folds. Phase differences and ampli- 


tude differences can arise when the 
tension, mass and/or the damping of 
the folds is unequal; the fold with the 
smallest damping then rules the vi- 
bration of the fold with the largest 
damping. Examples of this type of 
coupling can be seen in high-speed 
motion pictures by Moore and von 
Leden. 


A third type of coupling has to 
be added on account of the typical 
vibratory behavior of the impedance 
of the trachea and lungs (See Figure 
3). Slight difficulties are to be ex- 
pected when the fundamental tone 
approaches the lowest resonant fre- 
quency of the trachea and connected 
bronchi, for example, in the neigh- 
borhood of 300 cps. These difficul- 
ties are small, however, as the larynx 
can slightly change its vibratory pat- 
tern to increase the damping of the 
subglottal system. This change might 
be associated with the register transi- 
tion. Experiments with a tracheoto- 
mized subject are needed to study the 
coupling and to investigate the above 


possibility. 


Summary 


This paper reviews the evolution 
from the theories of Galen, Dodart 
and Ferrein to the present-day theo- 
ries of voice production. Currently 
under consideration are the myoelas- 
tic-aerodynamic theory, postulating 
that the vocal folds are actuated by 
the stream of air delivered by the 
lungs and trachea, and the neuro- 
chronaxic theory, postulating that 
each vibration is induced by a nerve 
impulse. Anatomical, histological, phy- 
siological and physical data should 
provide a basis for deciding between 
the theories. The properties of the 
trachea-lungs system, the larynx and 
the vocal cavities, and the coupling 
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of these organs to form a unit are dis- 
cussed. Attention is drawn to two new 
types of coupling, that of the vocal 
folds to each other and that of the 
trachea-lungs system to the larynx. It 
is shown that the my oelastic-aerody- 
namic theory provides a straightfor- 
ward explanation of all known phe- 
nomena of voice production, where- 
as there is no experimental evidence 
for the neuro-chronaxic theory and 
it is unable to explain a large number 
of phenomena. 
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Infant Speech: Consistency With Age 


Harris Winitz 
Orvis C. Irwin 


Within the past ten years research 
conducted at the Iowa Child Welfare 
Research Station has led to a more 
precise understanding of the early 
speech development of infants. Ir- 
win and his associates studied lon- 
gitudinally over a period of two and 
one-half years the speech sound ut- 
terances of 95 white infants (4, J, 6, 
7, 8, 9, 10, 11, 12). In the present in- 
vestigation correlational procedures 
were applied to certain selected meas- 
ures of speech sound development to 
determine the extent to which these 
same infants maintained their po- 
sitional standing in the group with 
increase in age. 

The infants were from Iowa City 
homes and were considered to be 
physically normal, having a median 
birth weight of seven and one-half 
pounds. With few exceptions the chil- 
dren were from monolingual homes. 
The socio-economic status of the 
group was described by Irwin (7) 
as follows: “These infants were from 
middle class homes, the parents being 
professional, business, clerical, and 
some laboring people.’ The infants 
were divided approximately equally 
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with respect to sex and family con- 
stellation. With regard to family con- 
stellation ‘only children’ were defined 
as having no older siblings, while ‘in- 
fants with siblings’ had an older sib- 
ling; the age interval between the 
child and his sibling was not con- 
sidered. 

As the study progressed, some of 
the families moved away so that fewer 
subjects were available at the older 
age levels. Irwin calls ‘most continu- 
ous data’ those data obtained from 
the 35 subjects who were most con- 
tinuously followed throughout the 
two-and-one-half-year period of in- 
fancy. He refers to the data obtained 
from all 95 subjects as ‘all data.’ 

The data were collected in the fol- 
lowing manner: The spontaneous 
speech sounds of the infants (no at- 
tempt was made by the recorder to 
stimulate the child verbally) were 
transcribed on paper using the ab- 
breviated International Phonetic Al- 
phabet described by Fairbanks (3). 
Two vowel pairs, [a]—[a] and [2]— 
[a], were considered as two vowels, 
and three consonants were added: 
[x], [?] and [¢]. Lip smacking sounds 
and ‘clicking’ sounds were omitted in 
the transcriptions. 

The sampling unit was 30 breaths; 
that is, the sounds which were made 
by an infant on 30 exhalations, not 
necessarily consecutive, were re- 
corded. Transcriptions were limited to 
non-crying sounds. A transcription of 
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30 breaths was called a ‘record’; each 
record took approximately 30 min- 
utes to collect. This sampling pro- 
cedure was found to have high ob- 
server reliability (4). All the data were 
collected during the afternoon after 
the child had his noon meal. No at- 
tempt was made to control the in- 
fant’s position during the making of 
a record, although almost all were 
sitting or held in an upright position. 
Usually one parent, the mother, was 
present. The data were grouped and 
reported in 15 two-month intervals 
or age levels, beginning with months 
one and two (age level one) and end- 
ing with months 29 and 30 (age level 
15). 


Problem 


Bayley (1) and Shirley (13) studied 
the relationship between the acquisi- 
tion of early and late motor skills in 
an attempt to discover whether chil- 
dren who were advanced in motor 
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skills at an early age maintained their 
rank at later age levels. The correla- 
tion coefficients they report suggest 
a high relationship between motor 
events close in time, such as walking 
with help and walking alone, but in- 
dicate only a slight relationship be- 
tween the attainment of early and 
late motor skills, such as reaching for 
and grasping an object and walk- 
ing. 

The present investigation was un- 
dertaken to examine a similar relation- 
ship with respect to speech sound de- 
velopment. The purpose was to de- 
termine the extent to which the in- 
fant maintains his rank in the group 
(with respect to speech sound de- 
velopment) from early to late age 
levels. 


Procedure 


The original data collected by Ir- 
win and his associates were used for 
this study. Two indices of speech 


TaBiE 1. Phoneme type: Pearson product-moment correlation coefficients for phoneme type com- 
puted for each pair of odd-numbered age levels (two month groupings) from age level one (months 
one and two) to age level 15 (months 29 and 30). The number of subjects for each correlation is 


indicated in parentheses. 











Age Levels Age Levels 

3 5 7 9 11 13 15 
1 .04 .13 -.07 -.06 13 -.10 .03 
(38) (35) (38) (28) (23) (20) (12) 
3 .21 05 .09 06 -.04 -.18 
(47) (49) (48) (31) (27) (17) 
5 .26 .43* .29 .08 a7 
(48) (44) (32) (29) (18) 
rf .08 .12 .37t -.02 
(44) (34) (31) (18) 
9 .38t 27 -.01 
(35) (30) (18) 
11 20 32 
(29) (18) 
13 .16 
(18) 








*Significant at the one per cent level. 
{Significant at the five per cent level. 
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TaBLE 2. Phoneme frequency: Pearson product-moment correlation coefficients for phoneme fre- 
quency computed for each pair of odd-numbered age levels (two month groupings) from age level 
one (months one and two) to age level 15 (months 29 and 30). The number of subjects for each 


correlation is indicated in parentheses. 











Age Levels Age Levels 
3 5 9 11 13 15 

1 28 40t 25 15 35 26 .38 
(38) (35) (38) (28) (28) (20) (12) 

3 .53* .04 25 st 12 ~.10 
(47) (49) (48) (31) (27) (17) 

5 .46* 34 .16 .50* 43 
(48) (44) (32) (29) (18) 

7 33t 26 .29 .04 
(44) (34) (31) (18) 
9 44* .68* 48+ 
(35) (30) (18) 

11 22 43 
(29) (18) 

13 47 
(18) 








*Significant at the one per cent level. 
{Significant at the five per cent level. 


sound development were selected: 
phoneme type and phoneme fre- 
quency. Phoneme type refers to the 
number of different sounds in the 
record of a given child; phoneme fre- 
quency refers to the number of 
phonemes, regardless of type, in the 
record of a given child. Pearson 
product-moment correlations for pho- 
neme type and phoneme frequency 
were computed for each pair of odd- 
numbered age levels from one to 15. 
Since the data were not entirely con- 
tinuous, the number of subjects avail- 
able for the inter-age level correla- 
tions varied. In this study sexes were 
grouped together. 


Results 


The obtained correlation coeffi- 
cients for phoneme type are shown in 
Table 1. The relationships, for the 


most part positive, are quite low. 
Only three coefficients (between age 
levels five and nine, seven and 13, and 
nine and 11) are statistically signifi- 
cant at or beyond the five per cent 
level. It is important to note that cor- 
relations computed between later age 
levels would tend to be depressed be- 
cause of the arbitrary ceiling (namely, 
the number of possible phoneme types 
that can be learned) placed on the 
English-speaking child. 

Ten correlation coefficients were 
found to be significantly different 
from zero for phoneme frequency 
(Table 2). The highest coefficient ob- 
tained was .63 (between age levels 
nine and 13) and the lowest .33 (be- 
tween age levels seven and nine). 
Only three of these coefficients ex- 
ceed .50, indicating, in general, a 
very slight positive relationship be- 
tween age levels. It is apparent from 
an examination of the two tables that 
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phoneme frequency yields more sig- 
nificant results than phoneme type. It 
should be pointed out that in contrast 
to the limited ceiling on phoneme 
type, the ceiling on phoneme fre- 
quency is practically unlimited. 

A further examination of Tables 1 
and 2 indicates that statistically sig- 
nificant correlations are found, in the 
main, between age levels close in time. 
Perhaps if coefficients were computed 
between successive age levels, such as 
three and four, additional statistically 
significant and higher correlations 
would be found. 


Discussion 


It appears from the results of this 
study that the infants under investi- 
gation, in general, did not maintain 
their relative positions in the group 
from odd-numbered age level to odd- 
numbered age level with respect to 
phoneme type and phoneme fre- 
quency measures of speech sound de- 
velopment. The highest relationships 
were found to occur between age 
levels close in time, a result which has 
been similarly found in studies of 
motor development (J, 13). 


A word of caution regarding the 
interpretation and use of the Irwin 
data is in order. The lack of stability 
of these measures from one age level 
to another would appear to limit 
their usefulness in at least two ways. 
First, doubt is cast on the feasibility 
of using these measures for predictive 
purposes of the speech sound status 
of an infant during the first two and 
one-half years (the terminal point of 
the data). This does not mean that 
studies of infant speech vocalizations, 
analyzed in other ways, might not 
serve useful diagnostic purposes. The 
use of consonant and vowel profiles 


and percentile grids previously sug- 
gested by Irwin (6, 8, 9) may yet 
prove to be useful clinical tools. Sec- 
ond, speech sound measures for the 
ages studied would probably have 
little use as predictors of performance 
on intelligence tests at later ages. 
“atalano and McCarthy (2) have sug- 
ges.cd speech sound measures as a 
possible predictor of later intelligence. 
The results of the present study, how- 
ever, suggest that such measures are 
probably too unstable from one age 
level to another to serve, in general, 
as reliable predictors of later perform- 
ance of any kind. Extreme values, of 
course, either high or low, might be 
an exception. 


Summary 


The consistency of infant speech 
vocalizations with respect to age was 
investigated. From data on file at the 
Iowa Child Welfare Research Station, 
inter-age level Pearson product-mo- 
ment correlation coefficients for pho- 
neme type and phoneme frequency 
were computed for each pair of odd- 
numbered age levels (two month 
groupings) from one (months one 
and two) to 15 (months 29 and 30). 
Of the 56 correlation coefficients ob- 
tained, only 13 were statistically sig- 
nificant and in only three instances 
did the coefficients exceed .50. It ap- 
pears, then, that the infants under in- 
vestigation in this study did not con- 
sistently maintain their positional 
standing in the group from odd- 
numbered age level to odd-numbered 
age level with respect to the selected 
measures of speech sound develop- 
ment. The correlation coefficients are 
not of sufficient magnitude or sig- 
nificance to warrant their use for 
predictive purposes. 
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Syllabic And Phonetic Structure 
Of Infants’ Early Words 


Harris Winitz 


Orvis C. Irwin 


The purpose of this article is to report 
an analysis of three aspects of infant 
speech, namely, the syllabic structure, 
the phonetic structure and the vowel 
and consonant composition of early 
words. The data were selected from 
files of the Iowa Child Welfare Re- 
search Station. A complete account of 
the subjects and of the methodology 
employed in the original collection 
and analysis of the data has been de- 
scribed by Winitz and Irwin (/3). 
With regard to this present investiga- 
tion an additional fact should be men- 
tioned: phonetic utterances inter- 
preted as words were recorded both 
in the International Phonetic Alphabet 
and in the English alphabet. 


Procedure 


~ Definition of a Word. In this study 
an utterance was counted as a word if 
it could be categorized as: (1) a word 
approximation, (2) a standard word 
or (3) a self-language word. 
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Word Approximation. In a recent 
study McCurry and Irwin (11) called 
attention to the fact that the infant’s 
early words may not be of the same 
phonetic structure as those of adults 
but may be approximations of words 
in which some of the phonemes are 
the same. They have defined a word 
approximation as ‘a phonetic pattern 
which is interpreted by the observers 
at the time of the transcription as an 
attempt by the infant to pronounce a 
standard word. The word approxima- 
tion is further delimited as a phonetic 
pattern in which one or more of the 
phonetic elements of the standard 
word, either vowel or consonantal 
elements, are present. This means that 
some elements of the standard word 
are omitted, and other elements are 
substituted or added.’ 


Standard Word. McCurry and Ir- 
win (11) have defined a standard 
word in terms of its phonetic listing 
in Kenyon and Knott’s Pronouncing 
Dictionary of American English (5). 
The present investigators felt that 
several exceptions to the definition of 
a standard word were justified because 
many words used in the home by 
parents and learned by children are 
not of the exact phonetic structure 
listed by Kenyon and Knott. The 
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following gives examples of such ex- 

ceptions: 

~ The following form of ‘daddy’ 
was accepted: [dedi]. The following 
forms of ‘mother’ were accepted: 
[mami], [mama], [mamA], [ma], [mam], and 
[mama]. The following forms of ‘baby’ 
were accepted. [berbi] and _ [bebi]. 
Words such as ‘doggy,’ ‘choo-choo,’ 
‘bow wow,’ ‘tick-tock,’ ‘moo moo,’ etc., 
were considered as standard words 
when they were of the correct phonet- 
ic structure. If these words were not 
of the correct phonetic structure, they 
were considered word approximations. 


Self-Language Word. Another cate- 
gory has been added to include some 
of the infant’s first words which do 
not meet the criteria of standard word 
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Tasie 1. Number of subjects, records and 
words at age levels seven (months 13 and 
14), eight (months 15 and 16) and nine 
(months 17 and 18). 








AgeLevel Subject Records Words 





7 23 38 137 
8 35 62 224 
bs 35 58 268 








15 (months 29 and 30). Age levels 
seven (months 13 and 14), eight 
(months 15 and 16) and nine (months 
17 and 18) were selected for analysis 
in this study because they represent, 
according to previous investigations 
(10), the period of infancy during 


or word approximation. This cate--* which infants are reported to utter 


gory, self-language word, may be de- 
fined as a phonetic pattern which is 
interpreted by the observers at the 
time of transcription as an attempt by 
the infant to pronounce a standard 
word, although not one of the pho- 
netic elements of the standard word 
is present. An instance of this is [ba] 
for ‘dog.’ 

Selection of Data. The data, as de- 
scribed by Winitz and Irwin (/3), 
were grouped and reported in 15 two- 
month intervals or age levels, begin- 
ning with age level one (months one 
and two) and ending with age level 


their first words. The records selected 
for this study were those for children 
who, according to the available rec- 
ords, uttered at least one word at one 
of the above age levels. 

Table 1 indicates the distribution of 
subjects, records and words at each 
age level. Table 2 shows the number 
and percentage of standard words, 
word approximations, and self-lan- 
guage words that were subject to anal- 
ysis at each age level. 


Method of Analysis. In line with 
the specific purposes of this paper the 


Taste 2. Number and percentage of standard words, word approximations, and self- 
language words in the speech of infants at age levels seven (months 13 and 14), eight 
(months 15 and 16) and nine (months 17 and 18). 








Age Standard 
Level Words 


% 


Approximations 





Word Self- 
Language 


% 
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“ABLE 3. Percentages of word types in the speech of infants at age levels seven (months 
13 and 14), eight (months 15 and 16) and nine (months 17 and 18). Words were classified 
as (1) monosyllabic words with two phonemes; (2) monosyllabic words with three 
phonemes; (3) words consisting of a repeated syllable; (4) words consisting of a repeated 
syllable with an added phoneme on the final syllable; (5) words consisting of two syllables 
in which one sound is common and one sound varies; and (6) words consisting of two 
syllables in which one sound is common and one sound varies and a phoneme is added 


to the second syllable. 











Age Level Word Classification Total 
1 2 3 4 5 6 

7 18.25 5.84 17.52 2.92 31.39 0.00 75.92 

44.20 20.09 5.36 0.00 15.63 1.34 86.62 

9 34.33 15.67 9.33 37 28.36 75 88.81 








data were analyzed for each of the 
following categories: (1) syllabic 
structure, (2) phonetic structure and 
(3) vowel and consonant composition. 


Syllabic Structure. In order to ana- 
lyze the syllabic structure of the in- 
fant’s early words, a modification of 
the categories employed by Chen (2), 
in a study of the repetitious patterns 


Tasie 4. Vowel phoneme percentages in the 
words of infants at age levels seven (months 
13 and 14), eight (months 15 and 16) and 
nine (months 17 and 18). 











Vowel Age Level 
7 8 9 
[i] 5.49 13.57 13.79 
[1] 11.76 10.80 7.14 
[e] 5.49 8.03 5.81 
[e] 15.69 4.43 4.49 
[x] 7.06 7.48 5.81 
[a] 18.04 10.52 8.80 
[>] 1.18 83 17 
[a] 19.22 18.28 31.89 
[>] 78 1.66 1.10 
[o] AY bey 6.88 6.31 
[vu] 8.63 7.20 9.30 
[u] 3.92 10.53 Seto 








of the phonemes of infants, was used 
and the following categories were em- 
ployed: (1) monosyllabic words with 
two phonemes, such as [bi]; (2) 
monosyllabic words with three -pho- 
nemes, such as [bim]; (3) words con- 
sisting of a repeated syllable, such as 
[bibi]; (4) words consisting of a 
repeated syllable with an added pho- 
neme on the final syllable, such as 
[bibim]; (5) words consisting of two 
syllables in which one sound is com- 
mon and one sound varies, such as 
[bibr]; (6) words consisting of two 
syllables in which one sound is com- 
mon and one sound varies and a pho- 
neme is added to the second syllable, 
such as [bibrm]. In the above analysis 
diphthongs, blends, and affricates were 
considered single units or ‘phonemes’ 
since these combinations of sounds 
tend to be heard as elemental units. 


Phonetic Structure. To investigate 
the phonetic structure of the infant’s 
early words, the elemental sounds or 
phonemes were tallied and presented 
in terms of percentages. Additional 
analyses included several vowel (front, 
middle and back) and consonantal (by 
place and manner of articulation) 
categories. 
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Figure 1. Profiles of vowel phoneme per- 
centages in the words of infants at age levels 
seven (months 13 and 14), eight (months 
15 and 16) and nine (months 17 and 18). 


Consonant and Vowel Composition. 
To investigate the consonant-vowel 
composition of infants’ early words, 
the words were analyzed to determine 
whether they were constituted only 
of vowels, only of consonants, or of 
both vowels and consonants. 


Results 


Syllabic Structure. The results of 
the analysis of the syllabic structure 
of the words are shown in Table 3. 
An examination of the last column in 


Taste 5. Percentage of vowel categories, 
classified according to Fairbanks (3), used 
iu the words of infants at age levels seven 
(months 13 and 14), eight (months 15 and 
16) and nine (months 17 and 18). 














Age 
Level Front Middle Back 
7 45.49 19.21 35.30 
8 44.31 11.63 4 32 


36.87 9.30 53.82 


this table indicates that most of the 
infant’s early words are monosyllables 
or dissyllables as they were classified 
for the purposes of this analysis. These 
types of words seem to vary in per- 
centage of use, however, with age. 
The obtained results were 76% at age 
level seven, 877% at age level eight 
and 89% at age level nine. 


Phonetic Structure. Table 4 indi- 
cates what percentage each vowel 
comprises of the total number of 
vowels used in words for each age 


Taste 6. Consonant phoneme percentages in 
the words of infants at age levels seven 
(months 13 and 14), eight (months 15 and 
16) and nine (months 17and 18). 











Consonant Age Level 
7 8 9 
Pl 42 2.44 1.15 
b] 33.90 27.74 37.61 
m] 17.80 7.93 5.28 
w] 12.29 4.88 4.13 
| .00 00 .00 
f] .00 30 3.21 
iv] 00 00 00 
[0] 00 00 00 
[5] A2 .00 46 
t] 22 7.62 4.13 
d] 23.31 19.82 19.27 
n] 85 4.57 7.11 
[s] 85 2.44 2.06 
z| 00 152 7) 
f ] .00 61 1.83 
1] 1.27 30 1,37 
r] 00 2.44 97 
i] 00 1.83 00 
¢| 00 00 00 
n] 00 00 23 
k] 2.54 8.23 4.36 
g] 2.12 3.36 4.36 
[x] 00 00 .00 
h] 22 3.96 161 
i] 00 00 00 
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level. Thus the vowel [i], for example, 
comprises 5.49% of the total number 
of vowels used during the seventh 
age level, 13.57% during the eighth 
and 13.79% at the ninth. Vowel pro- 
files for the three age levels are shown 
in Figure 1. The profile for age level 
seven reveals that the vowels [1], [e], 
[a] and [a] are those most frequently 
used in words. By the ninth age level 
the vowel [a] shows a great increase 
in percentage of occurrence in word 
usage. The sound [1] in the ninth age 
level has doubled in percentage of 
usage in words over the seventh age 
level. The [e] and [a] vowels show 
some decrease in percentage of usage 
with increased age. 

Table 5 indicates the percentages of 
vowel categories, classified according 
to Fairbanks (3), used in the words 
of infants at age levels seven through 
nine. This table shows that the per- 
centage of front vowel usage in words 
is greater at age level seven than the 
percentage of back vowel usage. At 
age level eight the percentages are the 
same, but at age level nine the per- 
centage of back vowels is considerably 
higher than that of the front vowels. 
The use of the middle vowels relative 
to other vowels decreases from age 
level seven to age level nine. 


The percentages of consonantal 
phonemes are listed in Table 6. Con- 
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Ficure 2. Profiles of consonant phoneme per- 
centages in the words of infants at age levels 
seven (months 13 and 14), eight (months 
15 and 16) and nine (months 17 and 18). 


sonant profiles appear in Figure 2. An 
examination of the table and the pro- 
files indicates that labials are used in 
words more frequently than are other 
consonants. Among the labials the 
[b] sound is dominant. The post- 
dentals as a group are next in order of 
usage in words. Here the consonant 
[d] is the outstanding phoneme. The 
profiles show that back consonants at 
the seventh age level comprise a small 
percentage of the total consonants 
used in words. The percentage of back 
consonants becomes slightly higher at 


Taste 7. Percentages of consonants, classified according to Fairbanks (3) by place of ar- 
ticulation, used in the words of infants at age levels seven (months 13 and 14), eight 
(months 15 and 16) and nine (months 17 and 18). 











Age Level Labial Labio-Dental Lingua-Dental Post-Dental Velar Glottal 
7 64.41 00 42 28.40 4.66 2.12 
8 42.99 30 .00 41.15 11.59 3.96 
9 48.17 3.21 46 37.61 8.95 1.61 
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Taste 8. Percentages of consonants, classified according to Fairbanks (3) by manner of 
articulation, used in the words of infants at age levels seven (month 13 and 14), eight 
(months 15 and 16) and nine (months 17 and 18). 








Age Nasal 
Level 


Plosive 


Voiced Voiceless Total 


Semi- Fricative Glide 
vowel 
Voiced Voiceless Total 








7 ~=18.65 59.33 5.08 64.41 
8 12.50 50.92 18.29 69.21 
9 Bez 61.24 9.64 70.88 


1.27 42 2.97 3.39 12.29 
2.74 1.52 7.31 8.83 6.71 
Ane 1.38 8.71 10.09 4.13 








age levels eight and nine. This finding 
indicates that when words appear in 
the vocalization of infants a reversal 
has occurred in the situation which 
Irwin (4, 5) found concerning the 
status of back consonants during the 
first months of life. During early in- 
fancy velars and glottals are relatively 
frequent, but with the appearance of 
words during the second year of in- 
fancy there is a decrement in the 
relative frequency of their usage. 

Tables 7 and 8 indicate the per- 
centages of consonants, classified ac- 
cording to Fairbanks (3) by place and 
manner of articulation, used at the 
three age levels. With regard to place 
of articulation the labial and post- 
dental sounds constitute more than 
80% of the consonantal sounds at 
each age level. With regard to manner 
of articulation the plosive consonants 
greatly predominate over nasal, semi- 
vowel, fricative and glide consonants 
at all three age levels. 


Vowel and Consonant Composition. 
Table 9 shows that about 95% of the 
early words of infants contain both 
vowels and consonants. At age level 
seven only a small percentage of 
words composed only of consonants 
were recorded. At all age levels words 
composed only of vowels constitute 


about five per cent or less of the total 
words spoken. 


Discussion 


Syllabic Structure. The findings of 
this study appear to be in agreement 
with reports found in the literature. 
Berry and Eisenson (J) have sug- 
gested that the syllabic structure of 
the first words are either dissyllables, 
such as baba, or monosyllables, such 
as ba. Similarly, McCarthy (10) has 
stated, ‘Children’s babbling often con- 
sists of repetition of identical or simi- 
lar syllables so that the first vocal 
utterances to acquire meaning are 
usually reduplicated monosyllables 
such as mama, dada, nana, bye-bye, 


Taste 9. Percentages of words composed 
only of vowels, only of consonants, or of 
both vowels and consonants in the speech 
of infants at age levels seven (months 13 
and 14), eight (months 15 and 16) and nine 
(months 17 and 18). 








Age Vowels 
Level and 
Vowels Consonants Consonants 





7 5.11 73 94.16 
8 4.45 00 95.55 
9 3.36 .00 96.64 
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tick-tick, choo-choo, and the like.’ 
Lewis (8) has reported that 85% of 
early words are either monosyllabic 
or reduplicated monosyllables (39% 
of the former and 46% of the latter). 


Phonetic Structure. This study has 
some bearing on the controversy con- 
cerning which consonants are first 
mastered by the infant, namely, 
whether they are labials or back con- 
sonants. The statement is made in the 
literature that labials are the earliest 
sounds (6, 9, 12). The Iowa studies 
(4, 5) have shown that in the early 
months of life the first consonants 
uttered are back consonants and that 
labials are relatively infrequent. The 
present study has shown that during 
the second year of life labial con- 
sonants are most frequent as elements 
in word structure. The inference 
seems reasonable, then, that some of 
the observations reported previously 
in the literature were not made on 
infants in the early months of life, but 
were made on infants who were be- 
ginning to say their first words. 


Summary 


The syllabic structure, phonetic 
structure and vowel and consonant 
composition of the infant’s early 
words were studied at three age levels: 
the seventh (months 13 and 14), the 
eighth (months 15 and 16), and the 
ninth (months 17 and 18). 

A high percentage of the words 
were either monosyllables or dissylla- 
bles. The vowel sounds varied in rela- 
tive use at the different age levels with 
the exception of the vowel [a], which 
was outstanding at each age level. The 
labial and post-dental sounds consti- 
tuted more than 80% of the consonant 


sounds at each age level. A higher 
percentage of front and back vowels 
than of middle vowels were used. 
Approximately 95% of the words 
were composed of both vowels and 
consonants. 
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Application Of 
Descriptive Linguistics 


To Child Language 


Robert W. Albright 


Joy Buck Albright 


Modern linguistic science has two 
chief branches, one of descriptive and 
the other of historical linguistics. The 
study of child language, from a lin- 
guistic point of view, is considered 
to be a special branch of historical 
linguistics (8). In applying linguistic 
methods to child language, however, 
it is important to be aware of the dif- 
ferences between it and conventional 
language. A child’s language is not 
used by a community of speakers, and 
it is changing rapidly, in contrast to 
the slow rate of change in conven- 
tional languages. Consequently, the 
collection and analysis of specimens 
of child language require a special 
adaptation of the techniques of de- 
scriptive linguistics. Some adapta- 
tion of techniques is necessary, of 
course, in any linguistic study, and 
Wells (9) has made the useful sug- 
gestion that ‘In descriptive linguistics, 


Robert W. Albright (Ph.D., Stanford 
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partment of Speech and Drama at Arizona 
State College. Dr. Robert W. and Mrs. 
Joy Buck Albright (B.A., University of 
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Tempe, Arizona. This article is adapted 
from a paper presented at the 1956 conven- 
tion of the Speech Association of America 
in Chicago. 
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discovery consists in finding the best 
scheme in terms of which to describe 
the facts...’ 

One important adaptation is to sub- 
stitute what might be called the 
‘equivalence of recurrence’ for the lin- 
guist’s ‘equivalence of repetition.’ Not 
having adult informants who can con- 
veniently repeat forms for comparison 
as being the ‘same’ or ‘different,’ lin- 
guists working with children often 
depend upon the forms recurring at 
different times in a sample of dis- 
course. Thus, with an adult speaker 
of English, it would not be hard to 
contrast speech forms such as you, 
her, and him in I see you, I see her and 
I see him. But if a child says DEY EE 
UH NO, he may mean take me up, no?, 
they eat up, no?, or final mo may 
represent negation as it often does in 
child syntax, don’t take me up, or 
they are not eating up.’ If one at- 
tempts the ‘equivalence of repetition’ 
and instructs the child to ‘Say that 


In the following discussion, orthographic 
representation of conventional speech forms 
will be in italics and those of child forms 
in small caps; phonetic transcription will 
be bracketed, and phonemic transcription 
will be in boldface type. 
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again,’ the response will usually be 
something such as DEN? (again?) or 
TEY WHA ANEN? (say what again?). 
So one must usually wait until the 
speech forms recur in the discourse, 
in order to contrast them in environ- 
ments that are as identical as possible. 

The collecting of data by tape-re- 
cording should be done informally in 
order to elict samples of speech that 
are as representative as possible of a 
child’s language system. For example, 
restrictive procedures such as merely 
naming objects or pictures may elicit 
utterances which are mere ‘formulas’ 
with limited sound environments: 
DAT’S A (that’s a), ISA (it’s a) OF DERSA 
(there’s a). Objects and pictures are 
useful in stimulating free, running 
speech, however, and in providing 
referents for the speech forms that 
the child uses. Parents and older sib- 
lings are invaluable as ‘translators’ in 
the sampling situation and later when 
the data are being transcribed and 
analyzed. 

After a sample of one to two hours 
of continuous discourse has been tape- 
recorded, the recording is transcribed 
into a ‘narrow’ phonetic transcrip- 
tion.” For greater accuracy, it is prob- 
ably best to have at least two persons 
transcribe independently and check 
with one another at intervals of 25 
or 50 utterances, depending upon the 
complexity of the data. Disagreements 
may be resolved by rechecking the 
tape-recording and, if the point at is- 
sue seems crucial, by resampling the 
child-informant. Older siblings and 
parents who have a good grasp of the 
child language being studied can be 
helpful in resolving problems, al- 


*The manual found most useful by the 
authors was that of Bloch and Trager (2). 
For a concise summary of field methods in 
linguistic work, see Swadesh (7), and for 
special symbols and diacritics, see The Prin- 
ciples of the IPA (6). 


though there is usually a residue of 
speech characteristics, sound features, 
and so forth, which cannot be tran- 
scribed with confidence. For example, 
it is a fairly common mistake in tran- 
scribing child English to ‘mishear’ 
the glottal stop [?] as one of the con- 
ventional stops: [p, t, k]. By having 
at least two investigators work to- 
gether, errors of ‘mishearing’ various 
features of a child’s language are re- 
duced. 


The danger of mishearing sounds 
has caused some linguists to suggest 
the use of special symbols in order to 
avoid the associational influences of fa- 
miliar letters whose sound-values one 
will tend to ‘hear.’ However, the gain 
in rigor in using special, unfamiliar 
symbols does not make up for the in- 
convenience of using them and the 
later confusion they may cause an in- 
vestigator who tries to recall exactly 
what sound-values were assigned to 
them. Besides, phoneticians have long 
used the same symbols to represent 
dissimilar sounds in different lan- 
guages. The sounds of [t] and [d], 
for example, are made differently in 
French and English, yet the letters 
may be used to represent the apical 
stop consonants in both languages 
without confusion. The point is to 
make sure that the symbol represents 
a sound in a particular language and 
is not assigned the value that it has in 
some other language. In the final pres- 
entation of child language studies, 
however, one might very well use 
small capitals or other special letters 
to avoid confusing the child’s lan- 
guage structure with that of a con- 
ventional language. 

‘Narrow’ transcriptions include fea- 
tures of pitch and stress which occur 
in a language sample. The authors 
have attempted to establish ‘juncture’ 
(5), the boundary features of smaller 
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units within a stretch of utterance be- 
tween pauses, but have not been suc- 
cessful. This failure is partly due to 
the disagreement among linguists as 
to how such boundaries should be de- 
fined and their features described, and 
partly to the difficulty of establishing 
regular features of juncture points in 
samples of child language. 


In analyzing a sample of discourse, 
a stretch of continuous speech be- 
tween pauses is usually taken as the 
utterance unit, unless smaller units can 
be established. Using the method of 
paired comparison, recurring utter- 
ance units are compared with one an- 
other; speech sounds and larger forms 
that seem to contrast in the same en- 
vironments are isolated. Thus, mini- 
mal sound-units and minimal mean- 
ing-units (tentative ‘phonemes’ and 
‘morphemes’) are distinguished. It is 
possible that the units of child lan- 
guage should be classified in terms 
that would fit child speech forms 
more closely. Perhaps they could be 
set up as ‘infantemes,’ units of child 
language having varying forms. Co- 
hen (4) has suggested calling each 
element of communication an ‘élém- 
com,’ the unit of gesture a ‘gestcom,’ 
of crying and groaning a ‘gémcom’ 
and of speech a ‘parlcom.’ Whatever 
unit is employed, it is important to 
avoid the error of classifying the units 
of a child’s language as if they were 
the same as those of conventional lan- 
guage. 

In analyzing units of utterance, en- 
vironmental features need to be care- 
fully described. The immediate en- 
vironments of preceding and follow- 
ing sounds in many utterances may be 
noted to provide information as to 
the characteristic sequences of sounds. 
Other features such as the positional 
occurrence of sounds in utterances, 
intonational features and reduplica- 


tion of sounds also need to be de- 
scribed. 


In the following discussion con- 
ventional symbols of the International 
Phonetic Alphabet are used. The 
numbers placed above letters indicate 
successively higher pitch levels with 
‘1’ for the lowest, ‘3’ the highest, and 
‘2’ the average pitch level. Four de- 
grees of stress are represented by 
[’, *, ‘] for heavy, medium, and light, 
with very light stress unmarked. 

This approach helps to get at the 
systematic structure underlying the 
variability of forms in a child’s lan- 
guage. The functioning of a child’s 
sound system is usually quite com- 
plicated, as the following summary of 
the alternation of glides in the speech 
of a 26-months-old child suggests. 
The sound [w] alternated with [1] 
initially in utterances, [1] was re- 
placed by zero [o]* following [v] 
and [9], and [1] was replaced by 
[o] following [e] and [t]. The sound 
[t] was an alternant of [1] before back 
vowels and after back consonants. 
The sound [w] alternated with [r] 
before [1] and in clusters of a stop 
plus [r] in segments such as [*twérn*] 
corresponding to English train. The 
sound [w] replaced [r] in combina- 
tionations of a vowel plus [r] before 
[ar]. In sequences of [au] plus [r] 
followed by a vowel, [r] was re- 
placed by [a]. Zero [o] was an alter- 
nant of [r] in clusters of a stop plus 
[r], and of [r] plus a stop: eg. 
[*martoufon'] corresponding to mi- 
crophone, and [*kseda-*] correspond- 
ing to recorder. Syllabic [3] was re- 
placed by [U] before a stop: eg., 


*The concept of zero [¢] is important to 
child language study, as the regular ab- 
sence of a sound in its patterning in a sound 
system may be as much of a signal as the 
regular presence of a sound or other au- 
dible feature. 





260 JOURNAL OF SPEECH AND HEARING RESEARCH 


[?ar°bup*] corresponding to I burp. 
The sounds [o] and [vu] replaced 
[w] in clusters of a consonant plus 
[w]. Otherwise [w] had no alternants 
and thus showed less alternation than 
[1] and [r]. Also [j] had no al- 
ternants. This child’s sound-system is 
more completely discussed elsewhere 
by Albright and Albright (/). 

In a study of a one-year-old child 
with a less developed language system, 
the phonetic transcription indicated 
a total of 41 sounds, 27 vowels and 
14 consonants. After making a ten- 
tative analysis of the phonemes, or 
‘infantemes,’ there was a remainder 
of seven consonants, five vowels, and 
two diphthongs, a reduction from 41 
to 14 sounds as units in a sound-sys- 
tem. The following chart presents the 
general structure of the younger 
child’s consonant-system: 


Labial Apical Velar Glottal 


Stop b d z rg 
Fricative h 
Nasal m n 


This sound system may be de- 
scribed as one based mainly upon 
stop-continuant and oral-nasal con- 
trasts. The voiced-voiceless contrast 
of conventional English did not seem 
to be established. There was a good 
deal of variation of [p] with [b] and 
of [t] with [d] in the child’s speech, 
however, indicating that the voiced- 
voiceless contrast was probably de- 
veloping (3). 

The vowel-system was reduced to 
I, €, a, u, plus the central vowel a, and 
the two compound vowels ex and 
ar. The general structure of the 
vowel-system may be charted as fol- 
lows: 


When one considers how resistant 
most languages are to change, it is 
difficult to understand how children 
manage to keep changing their lan- 
guage systems as rapidly as they do. 
In this struggle between maintaining 
what Jespersen called a ‘little lan- 
guage’ for communication with others 
and, at the same time, developing it 
through successive stages of increas- 
ing complexity, lies what is probably 
the central problem of speech de- 
velopment in children. Careful de- 
scriptive studies should help to clarify 
this development. 


Summary 


Techniques of descriptive linguis- 
tics may be applied to the analysis 
of samples of child language if such 
techniques are adapted to particular 
problems. In the paired comparison of 
speech forms that are the ‘same’ or 
‘different,’ one must usually substitute 
the ‘equivalence of recurrence’ for 
the linguist’s ‘equivalence of repeti- 
tion.’ 

Tape-recordings of several hours of 
a child’s informal discourse probably 
furnish the most adequate samples for 
attempting linguistic analysis. In tran- 
scribing and developing a ‘tentative’ 
or ‘suggested’ phonemic analysis, it 
is best to have at least two trained in- 
vestigators check one another’s work. 

Since there is considerable variation 
in the language systems of children, 
it is important to avoid mistaking 
variant forms for essential units. In 
spite of the variation, however, and 
the fact that the child’s language sys- 
tem is developing, it still may be 
treated at a particular time as a self- 
contained system—a language in its 
own right. 
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Auditory Skills Of Blinded 
Individuals Training With Pilot Dogs 


John J. ONeill 
Herbert J. Oyer 
Donald J. Baker 


Various aspects of the hearing ability 
of the blind have been studied by 
several investigators. However, these 
studies have dealt, in the main, with 
aspects other than the acuity of hear- 
ing or mere threshold measurements. 
In a series of studies at Cornell Uni- 
versity (2, 6, 10), it was found that 
the perception and avoidance of ob- 
stacles by the blind was dependent 
upon certain auditory dimensions, 
with pitch discrimination being the 
most valuable auditory skill involved. 
Ammons, Worchel and Dallenbach 
(1) studied the effects of hearing los- 
ses upon the ability of blindfolded 
persons to perceive objects in an out- 
of-doors situation. The results of the 
study indicated again that auditory 
cues appeared to be the most reliable, 
accurate and universal of all of the 
cues that assisted in the perception of 
obstacles when visual cues were elimi- 
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nated. The authors concluded that 
normal or near-normal hearing is im- 
portant for the blind in such percep- 
tion only to the extent that it pro- 
vides the most reliable perceptual 
cues. 

Only a few studies have been made 
of the actual hearing acuity of the 
blind. Seashore (5) reported that blind 
subjects did not differ from sighted 
subjects in terms of loudness discrimi- 
nation. Kunz (4) employed a watch 
test in a comparison of the hearing 
of 38 blind subjects and five sighted 
subjects. He found that sighted sub- 
jects had somewhat better hearing. 
The first audiometric study of the 
blind was performed by Hayes (3) 
who found that 19 seeing subjects had 
on the average more acute hearing 
than 176 blind subjects. 

In a more practical sense a major 
problem with the blinded is one of 
developing a means to negotiate in 
their environment. This usually in- 
volves a guide of some sort. The au- 
ditory avenue has been used in one 
such guide device, the flashsound or 
auditory guidance unit. This sort of 
device enables the blinded individual 
to obtain a sound message in the per- 
ception of obstacles. Objective as well 
as subjective evaluations of such aids 
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indicate that the loudness, pitch and 
quality changes that arise from the 
use of such a device enable the blinded 
individual to observe obstacles (7, 8, 
9, 11). Another guide device is the 
well-known guide or pilot dog. The 
purpose of the present study was to 
determine whether a significant re- 
lationship existed between the ability 
of blinded individuals to use a pilot 
dog successfully and their hearing 
acuity, hearing discrimination and 
sound localization ability. The experi- 
mental subjects were drawn from 
Pilot Dogs, Inc., of Columbus, Ohio, 
which is one of eight centers in the 
United States established for the train- 
ing of pilot dogs for sightless persons. 
The individuals under study were 
brought to the center to be trained 
in the use of a pilot dog. 


Procedure 


Fifty-three subjects who were sent 
to Pilot Dogs, Inc., for training in 
the use of a pilot dog served as ex- 
perimental subjects before, or just at 
the beginning, of their training pe- 
riod. Forty of the subjects were males 
and 13 were females. Each subject 
was administered a battery of tests 
which included the following: (1) 
pure tone threshold tests, (2) sound 
discrimination tests, and (3) sound lo- 
calization tests. The various tests were 
administered during one test session. 
(he test sessicn required approxi- 
mately two hours. However, test time 
varied slightly from subject to subject 
depending upon the individual abil- 
ities of the subjects. All tests were 
administered in a sound-treated test- 
ing room. Subjects were observed 
through a glass viewing port located 
between the testing room and an 
adjacent control room. 


Tests. The hearing thresholds of the 
subjects were determined by two test 
methods. The first method employed 
a conventional pure tone audiometer 
and conventional pure tone audio- 
metric test procedures. The second 
test method utilized the Békésy au- 
diometer and a continuous-frequency 
testing method. The subjects utilized 
a hand switch to control the intensity 
of the stimulus tone. The intensity 
adjustments were graphically re- 
corded. 

The average decibel loss for the fre- 
quencies 500 to 2000 cps was com- 
puted for each ear. In the instance of 
the Békésy tracings, threshold points 
were determined for these same fre- 
quencies in the following manner: the 
mid-point between the lowest and 
highest threshold tracings within the 
particular frequency range under test 
was taken to be the threshold point 
for that particular frequency. 


The B series of the Seashore Tests 
of Musical Talent was utilized to test 
six measures which seemed to relate 
to auditory discrimination. These tests 
are on phonographic disc and consist 
of tests of pitch, loudness, rhythm, 
time, timbre and tonal memory. The 
subject was seated in the sound- 
treated testing room eight feet from 
a Voice of the Theatre loudspeaker. 
The test materials were presented 
through a high fidelity recording sys- 
tem at a level of 60 decibels. The vari- 
ous tests utilize a pair comparisons 
method of testing. The usual test pro- 
cedure requires that test responses be 
written. However, the manner of test 
responses was modified. A signal 
switch which activated a colored 
lamp in the control room was used 
by the subjects. The response in- 
volved the indication of a single 
judgment between two alternatives 
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and the subject merely signaled his 
choice. Thus if the first tone was 
louder, higher in pitch, or different 
in quality, length or rhythm, the sub- 
ject would depress the signal switch 
once. However, if the second tone 
was to be chosen, the subject de- 
pressed the switch twice. The experi- 
menter would then record on the test 
blank the responses of the subject. 
Responses to the Test of Tonal Mem- 
ory were given orally by the subject 
and written down by the experi- 
menter. The tests were scored in 
terms of the number of test items cor- 
rect for each of the subjects. This 
yielded a set of six scores for each 
subject. 

The test of sound localization in- 
cluded four different types of stimu- 
lus materials. These were clicks, spon- 
dee words, bursts of white noise and 
1000-cycle tone pulses. The noise 
bursts and tone pulses were one- 
twentieth of a second in duration. 
Eight spondee words were employed. 
They were hotdog, pancake, there- 
fore, footstool, iceberg, daybreak, 
jackknife, and woodwork. The re- 
corded click was produced from a 
recording of the snapping of a plastic 
clothespin. All test materials were 
presented at an approximate level of 
60 decibels. There was an interval of 
one-half second between like stimulus 
materials and a one-second interval 
between different types of materials. 


The localization test was adminis- 
tered to one subject at a time. The 
subject was seated in the center of a 
sound-treated room. Eight Utah five- 
inch loudspeakers (Model SP 5 C) 
were mounted on the walls of the 
room four feet above floor level. 
Three of the speakers were equally 
spaced to the right of the subject and 
three to the left. One was placed di- 
rectly in front of the subject and an- 


other directly behind him. All loud- 
speakers were approximately four feet 
from the subject’s position in the test 
room. Prior to the actual testing, the 
subject listened to the stimulus record 
as it was presented through the loud- 
speaker. This served to acquaint him 
with the signals he would be hearing 
during the test proper. 

The points of origin of the sound 
source were randomized. As the stim- 
ulus materials were presented, the sub- 
ject pointed in the direction from 
which he thought the stimulus had 
originated. The tester observed the re- 
sponses of the subject through the 
glass window located between the 
sound chamber and the control room 
and recorded the responses on an es- 
pecially prepared answer sheet. The 
tests were scored in terms of the 
number of correct responses for each 
of the types of stimuli presented. 
Thus for each subject there were four 
test scores for the test of auditory lo- 
calization.: 


Results and Discussion 


There were 11 measures for each 
subject. These were (1) two measures 
of average decibel loss, one for the 
left and one for the right ear, (2) 
two additional measures of average 
decibel loss, one for each ear obtained 
from the Békésy test, (3) one pooled 
measure for the four localization tests 
and (4) six measures on the six parts 
of the Seashore Measures of Musical 
Talent test. 

The names of the trainees under 
study were submitted to the two 
trainers employed in the Pilot Dog 
training program for an evaluation of 
each subject’s relative skill in the use 
of a pilot dog. These ratings were 
made on a three-point scale. The 
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TaBLe 1. Mean pure tone thresholds for three 
proficiency categories: above average, average 
and below average. 











Ear Above Average Below 
Standard test 
Right Ear 2.45 10.96 21.00 
Left Ear 3.09 12.14 17.54 
Békésy test 
Right Ear 6.12 14.91 33.30 
Left Ear 10.26 18.02 28 .67 








points on the scale were above aver- 
age, average and below average. 


Hearing Thresholds. In the instance 
of both the routine pure tone tests 
and the Békésy test, the average loss 
for each ear for the frequencies 500, 
1000 and 2000 cps served as the 
basic measures. These measures were 
grouped to correspond with the 
ratings above average, average and be- 
low average assigned to the subjects 


by the trainers (See Table 1). The 
differences among the three pro- 
ficiency categories with respect to 
mean decibel loss scores, for left ears 
and for right ears separately, were 
evaluated by means of the t-test. The 
mean thresholds, for both the right 
ear and the left ear comparisons, of 
the above-average group were sig- 
nificantly better than corresponding 
thresholds for the average and be- 
low-average groups (See Table 2). 
However, in the instance of both the 
left and right ear thresholds, there 
was no significant difference be- 
tween the average and below-average 
groups. 


Apparently, the above - average 
group had better hearing (lower 
thresholds) than the average and be- 
low-average groups. Thus, the results 
of analysis of the pure tone data were 
in agreement with the results of 
earlier studies; that is, auditory acuity 


e 
TaBLe 2. Results of the t-test for evaluation of differences among proficiency categories: (1) abov 
average (N=11), (2) average (N=29) and (3) below average (N=13). 











Test Groups Compared 

1 vs. 3 1 vs. 2 2 vs. 3 

i tt ttt 

Standard threshold** 2.71 2.04 1.80 
Standard threshold*** 2.94 2.34 1.20 
Békésy threshold ** 3.44 1.74 2.92 
Békésy threshold*** 2.87 1.53 1.89 
Localization 2.38 0.67 3.02 

Seashore Tests 

Pitch 2.47 94 Lit 
Loudness 1.18 04 1.13 
Rhythm .98 15 .92 
Time 1.44 64 1.07 
Timbre 1.78 : 1.92 10 
Tonal Memory 1.63 .30 .99 








*tos (df = 22) = 2.07; toy (df =22) = 2.82 
ttos (df = 38) = 2.03; to, (df =38) =2.72 
Tttos (af = 40) = 2.02; to, (df = 40) = 3.55 
**Average loss for right ear 
***Average loss for left ear 
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TaBLe 3. Mean correct scores for B series of 
Seashore Tests of Musical Talent for three pro- 
ficiency categories: above average, average and 
below average. 











Test Above Average Below 
Pitch 30.45 27.86 22.85 
Loudness 35.73 35.57 31.38 
Rhythm 20.80 20.50 18.30 
Time 32.54 30.68 27 .46 
Timbre 38.64 31.71 31.31 


Tonal Memory 14.78 13.83 10.80 








led to better localization performance 
on the part of blinded subjects. 

The threshold measures obtained 
from the Békésy test (See Table 1) 
were put to similar statistical test. The 
results of the analyses (See Table 2) 
indicate there were no_ significant 
differences between the mean thresh- 
olds of the above-average and average 
groups either for the left or right 
ears. However, the differences be- 
tween the above-average and below- 
average groups, for both the left and 
the right ear, were significant. For 
the average and below-average groups, 
the difference between right ear 
thresholds was significant. The Békésy 
test results thus agreed with the stand- 
ard test results except for the fact that 
the differences between the above- 
average and average groups on the 
Békésy test, although in the same di- 
rection as for the standard test, were 
not significant. The inconsistency is 
probably due, in part, to the screen- 
ing method utilized in the Békésy 
test. 


Localization. The localization meas- 
ure was the number of correct iden- 
tifications of the source of the sound 
pooled for four types of stimulus ma- 
terials, with a possible total of 30. 
The scores were grouped to corres- 
pond to the three proficiency cate- 


gories for purposes of statistical 
analysis. The mean scores for the 
above-average group were not sig- 
nificantly different from those of the 
average group but were significantly 
higher than those of the below-aver- 
age group (See Table 2). The locali- 
zation test thus apparently separated 
those subjects who did poorly on the 
training program from those who 
were most successful in the use of 
a guide dog. 


Seashore Test Results. Only one dif- 
ference among proficiency groups 
relative to the various Seashore meas- 
ures was significant, the difference 
between the pitch discrimination test 
results for the below-average and 
above-average groups (See Tables 2 
and 3). One significant difference out 
of a possible 18 can best be attributed 
to chance. In all other instances, the 
differences between groups, in terms 
of the results of the tests of pitch, 
loudness, rhythm, time, timbre, and 
tonal memory, were not significant. 
The Seashore battery appears ot to 
be a very useful discriminatory tool 
as it was used in this study. 


Summary and Conclusion 


A study was made of the hearing 
acuity and discriminative abilities of 
53 blinded subjects who were receiv- 
ing training with pilot dogs. Tests of 
hearing included (1) conventional 
pure tone and Békésy audiometric 
tests, (2) localization tests and (3) 
the Seashore Tests of Musical Talent. 

The instructors in charge of the 
training of the subjects in the use of 
pilot dogs rated each subject in terms 
of relative skill in the use of pilot 
dogs. This rating was accomplished in 
terms of a three-point scale (above- 
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average, average, and below-average). 
Comparisons were made between 
above-average, average, and below- 
average groups with respect to the 
various test results. 

The results indicated that the sub- 
jects who were above average in their 
use of a pilot dog achieved lower pure 
tone thresholds (conventional and 
Békésy audiometric tests) than 
did the average and below-average 
groups. The above-average group also 
exhibited superior performance on the 
tests of localization. The Seashore 
Test of Musical Talent (Form B) did 
not distinguish among the three pro- 
ficiency categories. The results thus 
suggest that auditory acuity and also 
the ability to localize sound are de- 
terminers of proficiency in the use of 


a pilot dog by a blinded person. 
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Mental Imagery 


Charles F. Diehl 
Noel C. England 


Many individuals, according to Froes- 
chels (7) and others (8, 1/), show a 
decided preference for a particular 
field of ideation or conception. This 
preference is defined as the ‘imagery 
type,’ a condition or attitude of mind 
(auditory, visual or  kinaesthetic) 
through which one most easily ac- 
quires new experiences and knowl- 
edge and most readily recalls mem- 
ories of facts or words. 

Implications of this hypothesis are 
extensive. Acceptance of a mental 
imagery variable by psychologists 
would require its inclusion in all learn- 
ing theories as a significant factor. Ac- 
ceptance by educators would imply 
reevaluation of traditional teaching 
techniques in terms of individual dif- 
ferences of the students involved. 

There seems to be some empirical 
evidence that an imagery-type hypo- 
thesis is tenable. Reading, for example, 
is a learned process. Yet experienced 
elementary grade teachers frequently 
observe that the phonic (auditory) 
method of teaching reading does not 
work equally well with all children. 
Some seem to respond more readily 
to the whole-word (visual) method. 
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In other instances, according to Fer- 
nald (4), children classified as ‘poor 
readers’ have gained normal reading 
skill by tracing the outlines of new 
or difficult words with their fingers 
as they speak them (kinaesthetic 
method). 


It follows logically then that since 
speech is a learned process, imagery- 
type may be a factor in the way 
speech is learned—or not learned, as 
the case may be. 


The scientific value of any hypo- 
thesis is usually directly proportional 
to the ease with which its tenets 
can be experimentally evaluated. 
The imagery-type hypothesis pre- 
sents many problems in this respect. 
It is currently impossible to measure 
or observe with any known instru- 
ments the mental processes involved in 
learning to read, to speak, or to do 
anything else for that matter. Al- 
though Walter (13) has reported evi- 
dence from his study of brain func- 
tioning through electroencephalogra- 
phy which shows clearly three dis- 
tinct imagery-types, there is probably 
still much to be done before EEG 
tracings can be accurately related to 
specific learning processes. An investi- 
gator in this area, lacking appropriate 
instruments, is, therefore, faced with 
having to use less objective methods 
of experimentation—methods which at 
best yield data collected from per- 
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sonal judgments and introspective re- 
ports, data of questionable reliability. 

Although the concept of imagery- 
type is old (See Charcot (3), Galton 
(8), for example), investigators have 
apparently been fully aware of the 
experimental limitations surrounding 
it. There is, in any event, a dearth of 
objective experimentation in this area. 
The little that does exist is largely 
subjective and controversial. His- 
torically, there have been arguments 
both for (J, 3, 8) and against (2, 5) 
the hypothesis. Contradictory con- 
clusions concerning the effect of 
training on imagery have also been re- 
ported. Galton (8) and Gates (9) be- 
lieved that the ability to visualize 
could be developed with special train- 
ing while Fernald (5) and Foster (6) 
found no evidence to support this 
contention. Roe (/2), reporting the 
results of an intensive study of 64 
eminent research specialists in the 
major sciences, noted differences in 
the introspective reports of the way 
these scientists used imagery when 
thinking. She concluded that it could 
not be deduced from the data whether 
possession of appropriate imagery is 
conducive to choice of vocational 
field or whether work in a field tends 
to develop a_ particular type of 
imagery. 

In spite of the obvious problems re- 
lated to experimental investigation, it 
seemed that at least some aspects of 
basic tenets of the imagery-type hy- 
pothesis might be explored with fair 
objectivity. Keeping in mind the avail- 
ability of certain types of subjects, 
the authors formulated the following 
questions for study: (1) Will a ran- 
dom sample (control group) of col- 
lege students majoring in areas other 
than art, music and physical education 
fall into imagery types suggested by 
Robbins and Robbins (11)? (2) Will 


three random samples of college stu- 
dents majoring in art, music and 
physical education show statistically 
significant differences from a control 
group with respect to mean imagery 
dominance scores? 

It was necessary initally to establish 
criteria and define certain terms. The 
suggestions of Robbins and Robbins 
(11), who report that an individual's 
imagery type can be determined from 
his reaction to a word list of concrete 
objects, were followed. Robbins and 
Robbins list the following four 
imagery types into which they believe 
people can be classified on the basis 
of their reactions: (1) ear-minded, 
(2) eye-minded, (3) motor-minded 
and (4) mixed-minded. ‘Mental 
imagery type,’ as used here, is there- 
fore defined as the tendency of some 
individuals to score significantly high- 
er in one of three specific imagery 
categories (visual, auditory, motor) 
or one mixed category in their 
imagery dominance responses to a 
selected list of concrete objects. 


Procedure 


The plan of the experiment in- 
volved the presentation of a list of 
20 selected words to a random sample 
(control group) of 74 college stu- 
dents majoring in areas other than art, 
music and physical education and to 
three experimental groups of college 
students (30 art majors, 30 music 
majors and 30 physical education 
majors). A ‘major’ was defined as a 
college student who was at least a 
junior and registered with the ap- 
propriate department (art, music, 
physical education) of the Univer- 
sity of Kentucky as working toward 
a degree in that department. 

Of the 74 subjects in the control 
group, 37 were females, 37 males (34 
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juniors, 34 seniors, six graduate stu- 
dents). The mean age of the control 
group subjects was 22.1 years. Their 
academic majors included engineering, 
law, education, English, sociology, 
history and social work. Of the 30 
subjects in the experimental art group, 
15 were females, 15 males (eight jun- 
iors, 18 seniors, four graduate stu- 
dents). The mean age of the art group 
was 21.9 years. Of the 30 subjects in 
the music group, 15 were females, 15 
male (18 juniors, 10 seniors, two 
graduate students). The mean age of 
the music group was 21.2 years. Of 
the 30 subjects in the physical edu- 
cation group, 15 were females, 15 
males (18 seniors, 11 juniors, one 
graduate student). The mean age of 
the physical education group was 
21.1 years. On the basis of sex, mean 
age (approximately) and college clas- 
sification (approximately), the three 
experimental groups were assumed to 
be matched. Each experimental group 
was also assumed to be ae | pro- 
portionately with the control group 
with respect to sex, age and college 
classification. 

Griffitts (10) in an investigation of 
mental imagery used a battery of 
seven different tests. He reported that 
one test which involved ratings on a 
seven-step scale of the names of 75 
concrete objects with regard to clear- 
ness of mental imagery correlated 
highly with the other six tests of 
imagery in his battery. He concluded 
that this single test of clearness of 
mental imagery discriminated among 
the subjects as well as the entire bat- 
tery. Since Griffitts’ concept of clear- 
ness of mental imagery corresponds 
closely with that employed through- 
out the present study, a 20-word test 
was formulated from the words used 
by Griffitts (10) and by Robbins and 
Robbins (/1). 


The 20 test words were typewriter, 
telephone, bicycle, piano, fire, car, 
ball, electric fan, hammer, tennis, 
clock, whistle, scissors, music, lawn 
mower, bell, gun, radio, steam and 
fire engine. They were selected as 
meeting the following criteria: (1) 
they named objects which appeared 
to be common to the experience of 
people at any educational level and 
(2) they named objects which could 
be expected to have stimulus value in 
all major imagery categories. 


The test words were administered 
in a pilot study to a group of 20 male 
college students having a variety of 
academic interests and ranging in col- 
lege classification from freshman to 
senior (five from each). All 20 words 
were found to elicit imagery ratings 
in all major categories (visual, au- 
ditory, motor). The test, therefore, 
was considered to have good face 
validity. 

To determine the reliability of the 
ratings for each imagery classification 
an odd-even split correlation was 
computed on the ratings of all words 
by all subjects for each imagery type. 
The visual ratings were found to have 
an odd-even correlation of .88; the 
auditory ratings, .83; and the motor 
ratings, .82. Ratings in the ‘anything 
else’ category on the dominance scale 
were too infrequent for statistical 
treatment. 


The test words were presented to 
164 subjects. Some subjects completed 
the test individually, others as part 
of small groups of three or four. A 
possible systematic order effect was 
avoided throughout the experiment 
by varying both the order and meth- 
od of word presentation. For half the 
subjects the first 10 words were pre- 
sented visually by use of word-cards, 
manually exposed; the last 10 were 
presented orally by reading them. For 
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the other half of the subjects the last 
10 words were presented first, vis- 
ually, then the first 10 orally. No time 
limit was set between stimulus pres- 
entation and response, and the re- 
sponse times were not recorded. 


The subjects were asked to report 
how the objects came into their minds 
as they thought about them. They 
were told, for exainple, that if the 
word ‘pencil sharpener’ were given, 
some might think of it by the ‘way 
one looks’ when hanging on the wall 
where they usually sharpen their pen- 
cils. Others might think of it by the 
‘way one sounds’ when being. oper- 
ated. Some might think of themselves 
as actually turning the handle of a 
pencil sharpener or being involved 
in some other ‘muscular activity’ with 
the object. Still others might think of 
the odor of a newly-sharpened pen- 
cil. 

The subjects were further in- 
structed that the experimenter was 
interested not only in how the ob- 
jects came into their minds but also 
in the dominance of the associations— 
whether they came singly, for ex- 
ample, ‘by the way the object looks,’ 
or more than one way, for example, 
both ‘by the way the object looks’ 
and ‘by the way it sounds.’ 


To report this information the sub- 
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jects were given a mimeographed, 
equal-appearing intervals rating scale 
varying in “dominance value’ from 
zero to seven for each category. They 
were asked to rate the dominance of 
each word in all four categories: (1) 
by the way it looks, (2) by the way 
it sounds, (3) by some muscular ac- 
tivity and (4) by anything else. The 
zero value was to be encircled if noth- 
ing came into their minds in a cer- 
tain category. If the object seemed 
to have an extremely strong domi- 
nance under a certain imagery cate- 
gory, it was to be given a value of 
seven. Since there were 20 stimulus 
words rated on a zero to seven scale 
by each subject for each imagery cat- 
egory, the measure for each category 
for each subject could vary between 
zero and 140. 


Results 


The mean imagery dominance 
scores in all categories were computed 
for all groups. For the control group 
the mean imagery dominance scores 
were as follows: visual category, 
70.14; auditory category, 78.84; motor 
category, 42.53; and other category, 
14.88. The difference between the 
means of the visual and the auditory 
categories was 8.70 in favor of the 


TaB.eE 1. Results of t-tests for related measures between the means of the imagery categories for 


the 74 control group subjects. 











Comparison Categories M,* My, Mai,  SEaigy. t df Sig. 
Visual vs. Auditory 70.14 78.84 8.70 4.55 1.91 73 .06 
Visual vs. Motor 70.14 42.53 27.61 4.43 6.23 73 .001 
Visual vs. Other 70.14 14.88 55.26 4.09 13.51 73 .001 
Auditory vs. Motor 78.84 42.53 36.31 3.93 9.24 73 .001 
Auditory vs. Other 78.84 14.88 63.96 3.55 18.02 73 001 
Motor vs. Other 42.53 14.88 27.65 3.40 8.13 73 001 








*The means of the comparison categories are listed in the same order as the categories are listed’ 
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TaBLeE 2. Results of t-tests for unrelated measures between the means of the control and the means 


of the art majors for each imagery category. 











Imagery Category MControl M Art Mai, SE aizy, t df Sig. 
Visual 70.14 97.20 27.06 3.80 7.12 102 =. 001 
Auditory 78.84 78.30 .54 5.40 .10 102s — 
Motor 42.53 41.77 .76 4.75 .16 ge = 
Other 14.88 19.27 4.39 4,26 1.03 102) == 








auditory category. The t-test result 
was significant at the .06 level. All 
other differences between types were 
significant beyond the .001 level (See 
Table 1). 

For the art group the mean imagery 
dominance scores were as follows: 
visual category, 97.20; auditory cate- 
gory, 78.30; motor category, 41.77; 
and other category, 19.27. The differ- 
ence between the means of the con- 
trol group and the art group for the 
visual category was 27.06 in favor of 
the art group. This difference is sig- 
nificant beyond the .001 level. Mean 
differences between the control group 
and the art majors in the other three 
categories were not significant (See 
Table 2). 

For the music group the mean 
imagery dominance scores were as 
follows: visual category, 60.30; au- 
ditory category, 76.87; motor cate- 
gory, 44.70; and other category, 
12.40. None of these means was sig- 
nificantly different from the corre- 


sponding mean of the control group 
(See Table 3). 


For the physical education group 
the mean imagery dominance scores 
were as follows: visual category, 
75.10; auditory category, 84.03; motor 
category, 64.27; and other category, 
12.63. The difference between the 
means of the control group and the 
physical education group for the 
motor category was 21.74 in favor of 
the physical education group. This 
difference is significant beyond the 
.001 level. Mean differences between 
the control group and the physical 
education majors in the other three 
categories were not significant (See 
Table 4). 


Discussion and Conclusions 


Within the limitations of this study 
the following conclusions appear war- 
ranted: (1) College students majoring 
in areas other than music, art and 


TaBLE 3. Results of ¢-tests for unrelated measures between the means of the control group and the 
means of the music majors for each imagery category. 











Imagery Category M Control M Music Magy. SE aizy. t df Sig. 
Visual 70.14 60.30 9.84 6.69 1.47 102 — 
Auditory 78.84 76.87 1.97 4.80 Al 102 — 
Motor 42.53 44.70 2.17 5.17 42 1022 — 
Other 14.88 12.40 2.48 5.06 49 1022 — 
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TaBLe 4. Results of t-tests for unrelated measures between the means of the control group and 
the means of the physical education majors for each imagery category. 











Imagery Category M Control M M diff. SE 3; if. t df Sig. 
Phys. Ed. 
Visual 70.14 75.10 4.96 3.73 1.33 102 
Auditory 78.84 84.03 5.19 4.76 1.09 102 —_— 
Motor 42.53 64.27 21.74 4.42 4.92 102 -001 
Other 14.88 12.63 2.25 3.52 .64 102 — 








physical education fall into several 
imagery types. The fact that mean 
scores for auditory-, visual-, motor-, 
and mixed-mindedness among the 
subjects differed significantly seems 
to justify the use of imagery-type 
categories in describing a part of 
human behavior. (2) College students 
majoring in art appear to be more 
‘visual-minded’ than a matched con- 
trol group composed of students hav- 
ing other academic interests. (3) 
Physical education majors appear to 
be more ‘motor-minded’ than the 
control group. (4) College music 
majors do not appear to be signifi- 
cantly different in imagery-type from 
the control group. 

Any conclusions drawn on the basis 
of data obtained from this investiga- 
tion must be tentative. Presuming, 
however, that mental imagery types 
do exist—and this hypothesis cannot 
be rejected in view of the evidence 
reported—there are several direct im- 
plications for speech correction. More 
attention might well be given to the 
recommendations of Froeschels (7) 
and Robbins and Robbins (17), who 
suggest that retraining the aphasic 
patient is greatly facilitated by de- 
termining his pre-morbid imagery 
type and suiting the technique of re- 
training to it. It would obviously be 
difficult, if not impossible, to deter- 
mine experimentally whether the 
cerebral insult had or had not dis- 


turbed the original imagery-type. 
Those who have worked with aphasic 
patients, however, generally agree 
that at least in some cases techniques 
and materials used in helping the pa- 
tient recover are determined by the 
patient—not the therapist. Visual stim- 
uli, for example, will work well for 
one patient and poorly for another. 

Another implication is related to 
the large category of ‘functional ar- 
ticulation cases.’ One could postulate 
for some of them, at least, that (1) 
the major amount of language stimu- 
lation received did not correspond 
with the dominant imagery-type, (2) 
a deficiency in one or more major 
imagery-types exists or (3) the 
imagery-type is atypical. 

Other implications for speech (stut- 
tering, delayed speech, functional 
voice disorders) and other learned 
skills (reading, spelling) could be de- 
veloped from the imagery-type hy- 
pothesis. But it is hoped that enough 
has been said to justify making the 
following points: (1) The imagery- 
type hypothesis, if supported by fur- 
ther research, seems to have important 
theoretical implications for the teach- 
ing of speech and other learned 
skills. (2) The hypothesis cannot, at 
least on the basis of the evidence re- 
ported in this investigation, be re- 
jected. (3) Although investigation of 
the hypothesis presents experimental 
problems, some of its tenets can be 
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experimentally evaluated with fair 
objectivity. (4) The imagery-type 
hypothesis is worthy of much more 
research. 


Summary 


A control group of 74 college stu- 
dents having academic interests other 
than art, music, or physical education 
was compared for imagery-types (vis- 
ual, auditory, motor, other) with 
three experimental groups of college 
students (30 art majors, 30 music 
majors, 30 physical education majors). 
All subjects were given ratings of 
imagery dominance on the basis of 
their responses to a specially prepared 
word list representing 20 concrete ob- 
jects. 

The results revealed that for the 
control group the mean dominance 
scores differed from one category to 
another. The mean dominance score 
for the visual category was larger for 
art majors than for the control group. 
The mean dominance score for the 
motor category was larger for physi- 
cal education majors than for the con- 
trol group. No evidence of differences 
between the music group and the con- 
trol group was found. 

Implications of the data for speech 
correction were discussed. 
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Kenneth W. Burk 


Evidence concerning the validity of 
psychogalvanic skin response (PGSR) 
audiometry is still considered to be 
somewhat inadequate by some audi- 
ologists. The studies which have been 
made, however, tend to support 
PGSR audiometry as a useful clinical 
method. 

Doerfler and McClure (3), using a 
sample of 30 adults with conductive 
hearing losses at 4000 cps, report a 
mean difference of 3.50 db between 
traditional and PGSR thresholds, with 
the former showing less average 
hearing loss. 

Hardy and Bordley (4) report com- 
parisons between traditional and 
PGSR thresholds for two separate 
samples of clinical cases in a non- 
experimental situation. In one sample 
of 30 ears from adults with known 
hearing impairment at the octave fre- 
quencies 500-4000 cps, the mean devi- 
ation was plus or minus 2.46 db. In a 
second sample of 53 ears of children 
with known hearing impairment at 
the same frequencies, a mean deviation 
of plus or minus 3.57 db was found. 
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The traditional thresholds were con- 
sistently better (less hearing loss) 
than those for PGSR. 

This article reports the results of 
an experiment designed to obtain a 
further estimate of the validity of 
PGSR audiometry, using the fre- 
quencies 250, 1000 and 4000 cps. The 
validity criterion was traditional audi- 
ometry. 


Procedures 


All the testing was conducted in a 
sound-treated laboratory. Data were 
collected by two experimenters. The 
PGSR tester had no knowledge of 
the results obtained by the traditional 
tester and vice versa. The order of 
the two techniques was counterbal- 
anced, and all data for each subject 
were taken consecutively. 


Subjects. The 20 subjects used in the 
experiment were 10 males and 10 
females selected randomly from the 
363 students enrolled in the introduc- 
tory course in psychology at the 
University of Kentucky. Their hear- 
ing was expected to fall within the 
range of normal sensitivity. 

The females ranged in age from 17 
to 24 years, with a mean age of 18 
years, 10 months. The males had an 
age range of 18 to 27 years, with a 
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mean age of 21 years, 11 months. The 
mean age for all subjects was 20 years, 
four months. 


Traditional Thresholds. Traditional 
thresholds were obtained using a re- 
cently calibrated Maico, Model MA-1, 
audiometer. A modification of the 
Curry and Kurtzrock ear choice tech- 
nique was employed (2) in taking a 
standard hearing loss audiogram of 
the octave frequencies 125-8000 cps 
for each subject. Each threshold was 
the mean of two ascending and two 
descending crossings. 


PGSR Thresholds. The apparatus 
for obtaining PGSR thresholds con- 
sisted of the Maico, Model MA-1, 
audiometer, an Esterline-Angus Model 
A.W. recorder (rate of one-half inch 
per five seconds), and a locally con- 
structed DC amplifier with a built-in 
shock component (maximum shock 
intensity of five milliamperes).Opaque 
goggles were worn by the subjects to 
control the influence of extraneous 
visual stimuli. As a result of the find- 
ings of Conklin (1), the temperature 
in the laboratory was maintained at 
approximately 85°F. by means of an 
automatic electronic heater. 


The common and pickup electrodes 
were taped to the fingertips of the 
third and fourth fingers of the left 
hand. The shock electrode was applied 
to the neck. Following the reading of 
standard instructions, the subject was 
administered a 2.5 milliampere shock 
with the explanation that his sensi- 
tivity to shock was being determined. 
This tended to sensitize him for the 
conditioning that followed. 


Conditioning was begun with a 250 
or 4000 cps tone at a sensation level 
well above threshold. Following a one- 
second interval a manually controlled 


shock of about one-half second dura- 
tion was administered. The inter-trial 
time interval was arbitrarily varied 
between 20 and 40 seconds. The shock 
level was set at one milliampere and 
its value altered at the discretion of 
the tester. The subject used a signal 
light to indicate when the shock level 
became too intense. 

Threshold explorations were begun 
when the continuous recorder showed 
three successive PGSR’s of greater 
than five millimeter amplitude occur- 
ring within approximately three sec- 
onds after the termination of the test 
tone. Four thresholds (two frequen- 
cies for each ear) were then taken for 
each subject. The initial frequency 
was counterbalanced between 250 and 
4000 cps. Thresholds were then taken 
on both ears for a third frequency 
(1000 cps) for subjects not too fa- 
tigued. All the female and half of 
the male subjects were tested at 1000 
cps. 

Each threshold was the mean of two 
ascending and two descending cross- 
ings, using five-db steps. The initial 
sensation level of the tone was varied 
for the descending series. The order 
of crossings, as well as which ear was 
stimulated, was also varied. A response 
was considered valid if it occurred 
within approximately three seconds 
after the termination of the test tone 
and had a minimum amplitude of 
two millimeters from the baseline as 
determined by visual inspection. 

Following the findings of Meritser 
and Doerfler (5), 40% reinforcement 
was employed during threshold deter- 
minations. The time relationships were 
the same as those used during the 
initial conditioning, and the intensity 
of the shock was again varied at the 
discretion of the tester. 
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TaBLE 1. Mean traditional and mean PGSR thresholds at each of three frequencies with result 


of the ¢ test for related measures. 











Frequency Test N df Mean Sigma Mean S.E. t 
(cps) (db) Diff. Diff. 

PGSR 20 19 1.60 16.28 

250 5.60 4.44 1.26* 
Tra. 20 -4.00 10.91 
PGSR 15 14 5.37 21.67 

1000 3.04 7.16 .42* 
EYa. 15 2.33 16.11 
PGSR 20 19 9.23 25.61 

4000 1.98 7.37 .20* 
Tra. 20 7.25 19.84 








*Not significant. 


Results 


The results are based on thresholds 
taken on only the right ears of the 
subjects. The data for this ear were 
selected by chance after a ¢ test for 
related measures revealed that the 
thresholds for the left and right ears 
did not differ significantly. Thresh- 
olds were obtained for all 20 subjects 
at 250 and 4000 cps and for 15 sub- 
jects, 10 female and five male, at 1000 
cps. 

The mean difference between tra- 
ditional and PGSR thresholds at each 
frequency tested (250, 1000 and 
4000 cps) was evaluated by the t 
test for related measures. None of 
these differences was statistically sig- 
nificant (See Table 1). Inter-fre- 
quency comparisons were also made 
using the ¢ test for related measures. 
None of these differences was sig- 
nificant at the five per cent level. 

Within the limitations of the sample 
and by comparisons to thresholds ob- 


tained by traditional methods, the 
data appear to support the validity of 
PGSR audiometry for thresholds 
taken at 250, 1000 and 4000 cps. The 
mean test difference at each frequency 
is comparable to differences reported 
by other investigators. The results also 
indicate that this clinical method is 
consistent in its measurement over all 
three frequencies. 


Summary 


Twenty subjects (10 male, 10 fe- 
male) were selected randomly from 
363 introductory psychology students. 
Thresholds taken on the right ears at 
250, 1000 and 4000 cps by traditional 
and PGSR audiometry were employed 
to evaluate the validity of the latter 
technique. Only 15 subjects were 
tested at 1000 cps. 


The PGSR audiometric method was 
found to give valid measures of audi- 
tory thresholds at all three frequencies 
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with results of the traditional test as 
the criterion. PGSR audiometry also 
showed consistent measurements over 
all three frequencies. 
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Language Skills In Children With Cleft Palates 


D. C. Spriestersbach 
Frederic L. Darley 
Hughlett L. Morris 


The question of language retardation 
in children with cleft lips and palates 
has been considered by several writers. 
* Brown (4) lists poor physical develop- 


\ ment resulting from feeding problems, 


_ 


} 


| 
| 
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repeated illnesses, difficulty with hear- 
ing, isolation during illnesses or hos- 
pital confinements, and over-protec- 
tion by parents as factors that might 
possibly result in delayed language 
development in such children. McWil- 
liams (6) discusses the importance of 
intelligence, hearing, physical devel- 
opment and emotional growth as fac- 
tors influencing the development of 
language in children with cleft pal- 
ates. 

Spriestersbach, Darley and Rouse 
(7) have reported that cleft palate 
children are generally retarded in 
articulation skills. No published re- 
ports are to be found of research de- 
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signed expressly for the purpose of 
investigating the language status of 
cleft palate children. The reliability 
and validity of certain measures of 
language development, however, have 
been established by McCarthy (5), 
Davis (3), Williams et al. (10) and 
Templin (8). 

In the present study the hypothesis 
tested was that children with cleft 
palates are retarded in their language 
development. The procedure consisted 
of (1) securing measurements of the 
performance of a group of children 
with cleft palates using three indices 
of language development and (2) 
comparing the performance of the 
children according to these measures 
of language development with norms 
established by Templin (8) and Am- 


mons and his associates (J, 2). 


Procedure 


Subjects. Forty Caucasian single- 
tons (children of single births with 
or without siblings), 19 girls and 21 
boys, born with clefts of the palate 
were selected for this study. (Twins 
were excluded so that the language 
performance of the group could be 
compared with Templin’s norms, 
which were based upon a study of 
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480 singletons.) Twenty-eight of the 
children had clefts of both the lip 
and palate while 12 had clefts of the 
palate only. The subjects ranged in 
age from from three years and six 
months to eight years and five months. 
They ranged in I.Q. or I.Q.-equivalent 
scores! from 80 to 138 with a mean of 
101.4. None of the children had an 
educationally handicapping hearing 
loss.? Their speech was judged suffi- 
ciently intelligible to allow for accu- 
rate scoring of 50 responses. The dis- 
tribution of the subjects according to 
the classification of their fathers’ occu- 
pations is not identical to that of the 
population sampled by Templin (8), 
the major difference being that the 
fathers of 37.5% of this group were 
engaged in farming whereas no fathers 
of children studied by Templin were 
farmers. Comparison of parental occu- 
pations of this group with those of 
the groups studied by Ammons (J, 2) 
is not possible since different classifi- 
cation systems were used. The sample 
used in this study, however, seemed 
to resemble, in general, the popula- 
tions sampled by Templin and Am- 
mons closely enough to permit 
comparison of their performances on 
certain language skills. 


*Twenty-six children were administered 
the Wechsler Intelligence Scale for Chil- 
dren. Fourteen children were given the 
Ammons Full-Range Picture Vocabulary 
Test and I. Q.-equivalent scores were com- 
puted. 

"An educationally handicapping hearing 
loss was defined as a loss in the better ear 
of 30 db or more in one of the frequencies 
tested (250, 500, 1000, 2000, and 4000 cps) 
or of 20 db in three of the five indicated 
frequencies. If a child could not be tested 
by pure tone audiometry, speech audiometry 
was used. In such instances a hearing loss 
was defined as a loss of 20 db above the 
speech reception threshold for normal young 
adults, 


Measures of Language Develop- 
ment. The following measures were 
employed: (1) mean length of re- 
sponse, (2) structural complexity 
score (both of these as determined 
by analysis of 50 responses in con- 
nected speech), and (3) vocabulary 
size, as measured by the Ammons 
Full-Range Picture Vocabulary Test. 
Two factors were considered in se- 
lecting these measures. Other investi- 
gators have used all three measures in 
previous studies and have reported 
coefficients of reliability and validity 
of sufficient magnitude to warrant 
their use as research instruments. In 
addition, norms were available for the 
three measures with which the per- 
formance of this group of children 
could be compared. 


Fifty responses were elicited and 
recorded and the mean length of the 
50 responses was computed in a man- 
ner described by McCarthy (5). In- 
structions presented by McCarthy and 
Davis (3) were used in counting the 
words. 

The analysis of language structure 
was performed by first using the 
classification outline devised by Mc- 
Carthy (5) and modified by Davis 
(3) and placing each response in one 
of five categories set up according to 
completeness and complexity. The re- 
sponses were then quantified with 
regard to their structural complexity 
by means of the Templin (8) modifi- 
cation of Williams’ (10) method. A 
value from zero to four was assigned 
each response, according to its com- 
pleteness and complexity as deter- 
mined by the McCarthy-Davis outline. 
The obtained measures for the entire 
50 responses were then added to de- 
termine the child’s structural com- 
plexity score. 

Form A of the Ammons Full-Range 
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Picture Vocabulary Test was admin- 
istered in the manner prescribed by 
the authors of the test (7). 


Reliability of Recording and Scor- 
ing. To determine the reliability of 
the method of recording the responses, 
the experimenter and one observer 
independently recorded the same 50 
responses for three subjects chosen 
at random. All records were then 
scored by the experimenter and the 


scores for mean length and structural 
complexity were com - Differ- 
ences between these scores were small 


and were judged to indicate that the 
method of recording was sufficiently 
reliable. 

To determine the reliability of the 
method of scoring the responses, the 
experimenter and one observer inde- 
pendently scored three of the con- 
nected speech samples recorded by 
the experimenter. Again very small 
differences indicated that the method 
of scoring the responses was suffi- 
ciently reliable. 


Results 
+ 

Stability of Language Measures. 
Odd-even reliability coefficients for 
mean length of response and struc- 
tural complexity were obtained in 
order to determine how consistently 
the children used responses in the 
various categories of the structural 
classification system. The mean lengths 
for even-numbered responses were 
correlated with the mean lengths for 
the odd-numbered responses for 32 
children. A correlation of .95 was 
obtained. This finding is higher than 
the reliability coefficient of .91 re- 
ported for mean length by McCarthy 
(5) or of .86 reported for mean 
length by Williams (10). It appears, 


then, that this group of children were 
highly consistent in the length of their 
responses during the elicitation of the 
speech sample. 

The means of the structural com- 
plexity scores for even-numbered 
responses were correlated with the 
means of the structural complexity 
scores for odd-numbered responses for 
32 children. A correlation of .80 was 
obtained. This finding is not directly 
comparable to findings reported by 
other experimenters. Templin (8) 1s 
the only experimenter who has used 
the particular technique employed in 
this study and she does not report 
reliability information. McCarthy (5) 
reports reliability coefficients of from 
59 to .92 for the various categories 
in her classification outline. Williams 
(10), using a weighting system simi- 
lar to that employed in this study, 
reports reliability coefficients of .89 
for sentence completeness and .87 for 
sentence complexity. This group of 
children thus appear to be relatively 
consistent in the structural complexity 
of their responses. 


Description of Language Develop- 
ment. The mean lengths of response 
used by the subjects were compared 
with the mean lengths obtained from 
children of comparable ages studied 
by Templin (8). The differences be- 
tween the mean lengths of response 
of the subjects and the corresponding 
norms ranged from 3.8 words longer 
than the norm for the subject with the 
highest score to 5.2 words shorter 
than the norm for the subject with the 
lowest score. A mean difference of 
1.01 words and a median difference 
of 1.2 words shorter than the re- 
sponses of the normative groups were 
obtained. The standard deviation of 
the differences was 1.74 words. The 
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difference between the two groups, 
was found to be significant beyond 
the five per cent level (t = 3.62; for 
39 df, tos = 2.02). 


In order to determine the status of 
individual subjects in terms of num- 
ber of years of advancement or retard- 
ation in mean length of response, the 
children’s ages were compared with 
the normative age levels corresponding 
to the scores for mean length that 
their scores most closely resembled. 
The difference between the two age 
levels was determined. Two prob- 
lems were encountered in making this 
comparison. The first was the han- 
dling of reversals in the norms, that is, 
a lower normative score for a given 
age level than for the level immedi- 
ately preceding it. An example of such 
a reversal is the norm of 5.4 words 
for mean length of response at four 
and one-half years followed by a norm 
of 5.3 words listed for age five. In 
such instances the higher of the two 
age levels was used. In the case cited, 
a score of 5.4 would be selected as 
corresponding to an age level of five. 
Another problem was the handling of 
norm limits. Since Templin (8) did 
not supply norms for age levels above 
eight years or below three years, it 
was impossible to evaluate perform- 
ances beyond these limits. In instances 
such as these, the age level correspond- 
ing to the norm that best matched the 
score was used. On the basis of this 
comparison, five subjects were found 
to be advanced in mean length of 
response, six were at appropriate age 
levels, and 29 were retarded. The 
majority of the experimental group, 
then, used responses that were shorter 
in length than the responses used by 
Templin’s normative group. 

Structural complexity scores were 
compared with the norms reported 


by Templin (8). Differences in com- 
plexity scores ranged from +73.1 for 
the subject with the largest com- 
plexity score to —58.2 for the subject 
with the smallest complexity score. 
The mean difference between the ob- 
tained scores and corresponding norms 
was —4.77 with a standard deviation 
of the differences of 26.9. The median 
difference was —3.6. The subjects 
were thus on the average retarded in 
language complexity. However, the 
mean difference between the scores of 
the subjects and the norms was not 
significant at the five per cent level 
(t= 1.11; for 39 df, tos = 2.02). 

The subjects’ ages were compared 
with age levels corresponding to the 
norms that their structural complexity 
scores most closely resembled. Prob- 
lems in dealing with reversals in the 
normative scores and norm limits were 
handled in the same way as in the 
case of mean length of response. Struc- 
tural complexity scores superior to the 
norms were obtained for 13 subjects, 
at the norms for three subjects, and 
below the norms for 24 subjects. ‘Thus 
more children were retarded in struc- 
tural complexity scores than were not, 
but, considered as a group, these chil- 
dren used sentences with a structural 
complexity that closely resembled 
that of sentences used by the norma- 
tive group. 

The children’s performances on the 
Ammons Full-Range Picture Vocabu- 
lary Test were compared with norms 
reported by Ammons and his associ- 
ates (J, 2). The range was from 16.1 
more words to 10.3 fewer words for 
the experimental group than for the 
normative group. A mean difference 
of 2.37 words in favor of the experi- 
mental group was obtained with a 
standard deviation of the differences 
of 5.03. The median difference was 




















2.4 words. The mean difference be- 
tween the scores of the two groups 
was significant beyond the five per 
cent level (t=2.94; for 39 df, tos= 
2.02). 

The children’s ages were compared 
with age levels corresponding to the 
norms that their vocabulary scores 
most closely resembled and the amount 
of advancement or retardation was 
computed. The problem of norm 
limits was not present since norms 
have been reported by Ammons et al. 
(1, 2) for levels from two through 16 
years of age. Thirteen subjects showed 
superior performance on the vocabu- 
lary test, 10 subjects performed ap- 
proximately at the appropriate age 
levels and 17 subjects were retarded. 


Discussion 


That this group of children with 
cleft palates was somewhat retarded 
in mean length of response is not 
surprising, since it may be that they 
do not find speech as pleasant, as sat- 
isfying, or as rewarding as do children 
without clefts. Many of them may 
even have been penalized for their 
speech in given situations, and, as a 
probable consequence, talk less than 
other children of comparable age. 

The subjects were not significantly 
different from the norms in the struc- 
tural complexity of their remarks. 
This finding may indicate that any 
unpleasantness they might have ex- 
perienced in talking has not affected 
their syntactical proficiency. 

This group of subjects showed su- 
perior performances on the Ammons 
Full-Range Picture Vocabulary Test. 
In light of a relatively high correla- 
tion between vocabulary size and in- 
telligence, this might have been an 
expected finding had the group been 
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of higher than average intelligence. 
However, since the mean of the I. Q.’s 
and I. Q.-equivalents for the group 
was found to be 101.4, this explanation 
is not tenable. The probability of 
errors in the norms seems rather un- 
likely since Templin (8) reports find- 
ings comparable to those reported by 
Ammons (2) for the three- to five- 
year-old group when she grouped her 
subjects at whole-year levels. (How- 
ever, when she grouped her subjects 
at half-year levels, she found higher 
means than those reported by Am- 
mons for the three- and four-year-old 
levels, and lower means at the five- 
year-old level.) 

One source of error in this study 
may have been in the administration 
of the Ammons test. The test instruc- 
tions for managing the problem of 
guessing are not clear. It is possible 
that the experimenter was too lax in 
rechecking possible guesses, thus 
allowing the subjects to achieve spur- 
iously high scores. Since the Ammons 
Full-Range Picture Vocabulary Test 
is a popular clinical tool, more exten- 
sive investigation of the test with 
cleft palate subjects appears to be 
indicated. 

It is to be noted that the Ammons 
test is an index of the size of recogni- 
tion vocabulary, since the subject is 
required simply to point to the picture 
that best matches the stimulus word. 
Other vocabulary tests, such as the 
vocabulary subtest of the Wechsler 
Intelligence Scale for Children 
(WISC), measure the subject’s ability 
to define the stimulus word orally. 
Since scores on the WISC were 


available for those subjects in the 
experimental group aged five years 
and older, it was felt that examination 
of these vocabulary subtest scores 
would be of interest here. 
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The subtest scores earned by 22 
subjects in the experimental group 
were compared with the test age- 
equivalent scores for the subtest re- 
ported for the standardization group 
by Wechsler (9). The method of 
scoring the subtest requires that each 
word-item be given a value of two, 
one, or zero points. The obtained 
scores were compared with the test 
age-equivalent scores reported by 
Wechsler. The range of differences 
between obtained subtest scores and 
the test age-equivalent scores was 
from —15.5 points, the difference for 
the most retarded subject of the ex- 
perimental group, to +-5.5, the differ- 
ence for the most advanced subject 
of the experimental group. Nineteen 
subjects were retarded in vocabulary 
size and three were advanced. A mean 
difference of 4.16 points and a median 
difference of 6.1 points were both in 
favor of the normative group. The 
standard deviation of the differences 
was 4.36. The mean difference was 
significant beyond the five per cent 
level (t = 4.34; for 21 df, t.o5 = 2.07). 
Thus it is seen that while the children 
of the experimental group performed 
very well on a recognition vocabulary 
test, those who were given a vocabu- 
lary definition test performed less well 
on this test. 

, Cleft palate children of normal in- 
telligence apparently may, in general, 
\ be expected to perform less well than 
\their peers in amount of verbal output 
\(measured in this study by mean 
/\ength of response). Even though a 
~ child may be as intelligent, have as 
x large a recognition vocabulary and 
have as adequate a mastery of the 
subtleties of grammatical and syntac- 

\ tical expression as his peers, he may 
still be somewhat inhibited in the 
extent of his verbal expression because 
of his self-evaluations, his evaluations 
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of his speech, and his past experiences 
in unrewarding speaking situations. 
Such a pattern of performance cor- 
responds roughly to the results 
reported on the three measures em- 
ployed in this study. 


Summary 


Three measures of language devel- 
opment were obtained for 40 children 
with cleft lips and cleft palates or 
with cleft palates only. The sample 
was restricted to children between 
the ages of three and eight who were 
singletons of the Caucasian race with 
normal mental ability and without a 
handicapping hearing loss. 

Fifty responses of connected speech 
for each child were analyzed for mean 
length of response and structural 
complexity and resultant scores were 
compared with norms for these meas- 
ures. A recognition vocabulary test 
was administered to all subjects. Com- 
parison of the resulting scores with 
established norms indicated that cleft 
palate children have,’on the average, 
superior recognition vocabularies. 
Since the results of this comparison 
might have been unduly influenced 
by some unknown factor, 22 of the 
subjects were further tested on vo- 
cabulary usage. 

The subjects demonstrated no gen- 
eral language retardation but were 
retarded on measures of amount of 
verbal output and vocabulary usage. 
‘The following conclusions appear 
warranted: (1) Children with cleft 
palates are in general retarded in 
mean length of response. (2) Their 
language development as measured by 
structural complexity scores is not 
different on the average from that of 
the normative group. (3) They are 
in general retarded in vocabulary 
usage. 
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Skin Resistance Changes Accompanying The 
Sidetone Test For Auditory Malingering 


Clair N. Hanley 
William R. Tiffany 


Jacqueline M. Brungard 


Since the advent of World War II a 
great deal of attention has been di- 
rected towards investigating the reality 
of hearing deficits in people suspected \ 
of malingering and psychogenic deaf- 
ness. A search of the literature on 
auditory testing reveals an abundance 
of so-called malingering tests, includ- 
ing the well-known Doerfler-Stewart 
(2), Lombard (7), and Stenger (7) 
tests, as well as numerous references 
to many of the clinical signs indica- 
tive of feigned deafness, such as un- 
reliability of repeated audiograms, and 
discrepancies between pure tone and 
speech hearing tests. 

The basic limitations of many of 
these tests appear to be lack of reli- 
ability, dependence upon the patient’s 
naiveté, necessity of expert interpre- 
tation, and inability to approximate 
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the ‘real’ auditory threshold (lack of 
validity). In view of these limitations, 
it would appear that some finer test 
for the determination of ‘simulation 
deafness’ is needed—one that is simple 
to administer, demonstrable to a jury, 
and capable of reliable results, as well 
as one that will yield a close approxi- 
mation of the exact auditory threshold 
when malingering or, possibly, psy- 
chogenic deafness has been deter- 
mined. 

One of the most recent tests which 
has been used to overcome some of 
the difficulties encountered in malin- 
gering testing is the delayed sidetone 
test. This test has the advantage of 
not appearing to be an auditory test at 
all, inasmuch as the subject is simply 
asked to read a passage into a micro- 
phone while wearing a pair of ear- 
phones. As he reads, his voice is re- 
corded and fed back to his earphones 
at a controlled and known intensity 
level and with a time delay of from 
about .1 to .2 seconds. The resultant 
effect is a change in the subject’s 
speech which he seems largely unable 
to control. 


The following changes have been 
observed in the behavior of persons 
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reading under delayed sidetone: (1) 
pitch control is disturbed; (2) speech 
becomes slurred; (3) rate is altered 
from the norm; (4) vocal intensity 
varies markedly from the usual level, 
particularly if the feedback intensity 
level is high and an effect is generated 
like that observed in the Lombard test; 
(5) stuttering-like speech occurs, with 
frequent repetitions, distortions, and 
omissions of speech sounds and sylla- 
bles; and (6) the subject fidgets, 
flushes, squirms and generally gives 
evidence that he is struggling with a 
difficult task. Not all of these symp- 
toms are equally observable or equally 
often observed, of course, but some 
symptoms are nearly always noticed. 


Measurements of the disturbances 
produced by the delayed sidetone 
have been, to this time, largely de- 
pendent upon subjective judgements of 
vocal disturbance (4); reduction in 
rate of reading (3), variations in vocal 
intensity (5), and the tabulation of 
reading errors (1). Hanley and Tif- 
fany (3), who found that reading rate 
reduction is a positive function of 
intensity of sidetone signal, have noted 
that detection procedures should em- 
ploy measures of rate change as well 
as judgements by expert listeners. Fur- 
ther, they call attention to the wide 
individual differences in response to 
the sidetone signals. They observed 
speech breakdown in some subjects at 
sensation levels as low as 10 to 20 
db, whereas some subjects appeared 
relatively undisturbed at high sen- 
sation levels. 


Inasmuch as marked individual dif- 
ferences in resistance to speech break- 
down and reduction in reading rate do 
occur, even at high intensities, the 
need for further refinement of the 
delayed sidetone testing technique is 
obvious. There is a strong need for a 
more sensitive measure of the effect, 


one that would not only indicate the 
reality of the hearing loss, but one 
that would also afford a more defini- 
tive measure of the patient’s potential 
auditory threshold. The present study 
grew out of the attempt to define such 
a measure. 

The current technique employed by 
the authors for the evaluation of the 
delayed feedback effect calls for the 
subject, wearing headphones, to read 
a selected passage into a microphone 
of a tape recorder having separate 
record and playback circuits. After 
the calculation of the normal, no-feed- 
back reading rate, intensity of delayed 
sidetone is raised during successive 
readings of a test passage, usually in 
10 db steps, to a point where speech 
disturbance is obvious, even to a 
wholly naive observer. Statistical com- 
parisons between the normal rates of 
reading and the rates at successively 
more intense feedback levels provide 
the basis for a judgement of the ‘true’ 
threshold, supported by the obvious 
speech disturbance at the higher levels. 

During the search for refinement of 
the above technique the authors have 
experimented in two directions: to- 
ward the construction of speech and 
non-speech oral tasks which would be 
more sensitive to the delayed feedback 
disturbance, and toward the employ- 
ment of a more sensitive measure of 
the speech disturbance itself. The most 
promising clues were furnished by 
comments of subjects in previous ex- 
perimentation who had described the 
sidetone task as ‘hard work,’ ‘startling,’ 
‘unpleasant,’ ‘nerve-racking’ and ‘an- 
noying.’ These remarks led the authors 
to assume that the reading task under 
delayed sidetone produced a good deal 
of stress for the subject which could, 
it was believed, be measured objec- 
tively. 

In connection with the above com- 
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ments concerning the type of response 
to delayed sidetone, Woodworth (8) 
has noted that, ‘. . . in momentary 
thrills of fear, surprise, embarrassment 
or expectancy, the sweat glands are 
stimulated to a slight degree by their 
nerves, and the result is a momentary 
change in the electrical condition of 
the skin, which can be registered by a 
galvanometer and is called the psy- 
chogalvanic reflex.’ Woodworth (9) 
further notes that, in an experiment 
of Abel, observers’ reports indicated 
‘that PGR is an index not so much of 
feeling or emotion as of an attitude 
of the organism directed toward over- 
coming difficulty, 

In a pilot study involving 30 mem- 
bers of the University of Washington 
faculty and students, it was noted that 
there tended to be significant skin re- 
sistance (PGR or GSR) changes when 
sidetone levels were systematically 
varied. Subjects who experienced de- 
layed sidetone at sensation levels of 
80 db showed significant and marked 
reductions in skin resistance, whereas 
at lower levels these same alterations 
were not so consistently noted, nor so 
dramatic in degree. Thus the hypothe- 
sis was advanced that the presentation 
of delayed sidetone to a hearing sub- 
ject would cause significant changes 
in his skin resistance and, further, that 
the consistency of these changes 
would be a function of the sensation 
level of the delayed feedback. Finally, 
it was hypothesized that such changes 
would make a simple and workable 
measure for the detection of feedback 
response in relatively sophisticated 
subjects and would constitute a good 
test of malingering. 


Method 


The subjects from whom GSR 
measures were to be made while they 


read under delayed feedback condi- 
tions were 50 college students, 17 
females and 33 males. They were 
randomly assigned to five groups of 
10 students each, to receive feedback 
at the levels 80, 60, 40, 20, and 0 db 
above each student’s threshold for 
spondee words. 


Subjects were seated in a sound- 
isolated room in which a recording 
microphone, earphones, GSR pickup 
electrodes, reading stand, signal light 
and monitor-speaker were located. In 
the adjoining control room the ob- 
servers operated the feedback delay 
mechanism, GSR and recording equip- 
ment. The delayed feedback equip- 
ment consisted of a tape recorder 
capable of producing a .14 second de- 
lay and suitable amplifying and cali- 
brated attenuation equipment. The 
GSR measuring equipment consisted 
of a Maico Psychometer, DC ampli- 
fier, and graphic recorder. A special 
switching arrangement was provided 
which automatically fed the sidetone 
to the subject and at the same time 
marked the margin of the recording 
chart paper so that the skin resistance 
fluctuations could be correlated with 
the presence of the delayed sidetone. 

The procedure of the experiment 
was, briefly, as follows: The relatively 
naive subject was eo in the sound- 
proof room after familiarizing himself 
with a list of spondee words. The 
GSR electrodes were fastened to the 
palmar surface of his non-dominant 
hand, the earphones were placed on 
his head, and his speech reception 
threshold was established. The fol- 
lowing instructions were then read: 


I want to find out how people talk 
when they hear their own voices over 
earphones, while they are reading. There- 
fore, I would like you to read this pas- 
sage into the microphone. During your 
reading, you should try not to let what 
you hear in the earphones bother you. 
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That is, try not to laugh or comment, 
but attempt to read the passage as nor- 
mally as possible. The metal plate that I 
strapped to your hand will be used to 
measure how relaxed you are during 
the test. Since this plate is connected to 
a very sensitive recording device, I want 
you to hold your hand like this (fingers 
over the edge of arm desk), and keep it 
as still as possible throughout the test. 
Now start reading aloud. 


The subject was then given a simple 
prose passage to read which was long 
enough to last for the duration of the 
experiment. For the first minute of 
his reading (approximately) psycho- 
galvanometer sensitivity adjustments 
were made. At the end of that minute, 
when it was assumed that he had 
‘settled down’ to his reading task, the 
random recorder needle fluctuations 
were, on the average, about one chart 
division in extent. Following these 
adjustments 10 eight-second bursts of 
delayed sidetone were administered at 
one of the five experimental levels 
(randomly assigned). 

In order to prevent bias in the 
judgement of the records, to provide 
for keying of the sidetone during an 
interval of relatively constant GSR 
state, and to provide for a random 
order of stimulus presentation, two ex- 
perimenters were used. One experi- 
menter presented the sidetone signals 
at from 15 to 60 second intervals, in 
a random manner, dependent upon the 
quiescence of the GSR response. The 
second experimenter independently 
determined the level of feedback and 
blanked out half of the 20 presenta- 
tions in an order randomly determined 
and unknown to the first. In this way 
it was felt there would be a minimum 
of preconceived bias both on the part 
of the experimenter and of the judges 
who would later evaluate the graphic 
records of skin resistance change. 


Analysis of Graphic Records 


The graphic records of skin resist- 
ance changes obtained from the 50 
subjects in this study were analyzed 
in two ways. The first type of analysis 
was largely objective in nature. Dur- 
ing the testing it had appeared that the 
most reliable cue for the determina- 
tion of the presence or absence of the 
sidetone (particularly in the records 
from low-intensity-level presentations, 
where GSR amplitudes were small) 
was that of consistency in the GSR 
latency. If the GSR recorder needle 
swings, following the 10 sidetone 
presentations, showed highly con- 
sistent latencies, then hearing could 
be inferred. If latencies were incon- 
sistent, hearing was presumed to be 
absent or the sidetone intensity was 
found to be at a lower sensation level. 
High levels of feedback intensity 
seemed to be associated, of course, 
with consistent latencies and high 
graph amplitudes. 


For all sidetone presentations (10 
per subject) a measure was made from 
the graphic records of the response 
latencies following the onset of the 
delayed sidetone presentations. Arbi- 
trarily, all graphic peaks of greater 
magnitude than two chart divisions" 
(about 5 mm of arc in the recorder 
needle swing) were recorded from one 
second following the actuation of the 
delayed sidetone and for a duration 
of 7.5 seconds. For most of these in- 
tervals of measurement only one peak 
of skin resistance change was noticed 
and never more than two. Of the total 


1The chart division is, of course, an ar- 
bitrary but nonetheless practical and handy 
unit for clinical reference. In this study no 
attempt was made to calibrate in terms of 
absolute measures of skin resistance change. 
The graphic recorder used was an Esterline 
Angus, model AWDC Milliammeter 4782. 
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of 500 intervals of time, 81 were found 
to have two such peaks. One of these 
was chosen by the first experimenter 
on a basis of consistency with other 
measured response latencies and rela- 
tive response amplitudes. 


The 10 measures for each subject 
which were obtained in this way were 
taken as the latency measures of the 
GSR responses to the sidetone. The 
mean of the 10 measures for each sub- 
ject was termed the mean latency. 
This mean latency was established for 
each individual and means of these 
mean latencies were calculated for 
each feedback sensation level. 

Two measures of variation were ob- 
tained for the latency measures. The 
first was simply a measure of variation 
among subjects. This was the variance 
of the mean latency measures about 
the mean of the group of 10 subjects. 
The second and most important of the 
measures was the measure termed the 
mean latency variance. This was a 
measure of variation within subjects 
and was based upon the variation of 
the 10 latencies for any one subject 
about the mean for the same subject. 
It was this measure which was hy- 
pothesized to be the best indicator of 
consistency of latency and, thus, of 
the presence of delayed sidetone re- 
sponse. 


The second type of analysis was a 
partly subjective one where two 
‘experts’ independently examined the 
unlabeled and unidentified graphic 
records of skin resistance changes for 
the 50 subjects and made judgements 
as to whether the subjects had received 
a ‘disturbing’ auditory stimulus and 
whether it was at 80, 60, 40, 20, or 0 
db sensation level. These judges (Han- 
ley and Tiffany) had no idea to whom 
the graphs belonged. They did know 
from the margin keying exactly at 
which point the sidetone presentations 


Taste 1. Mean response latencies and vari- 
ances for 10 subjects expressed in seconds. 











Sen- Mean Among- Average 
sation Latency subjects W ithin- 
Level Variance subjects 
(db) Variance 
80 3.37 52 48 
60 3.25 54 64 
40 3.54 90 1.45 
20 3.30 1.52 2.65 
0 3.58 3.25 5.20 








began and ended. They did have, ad- 
ditionally, the latency measures de- 
scribed above. Their judgements, 
however, were based not only upon 
latencies but also upon magnitudes of 
response and any other aspects of the 
graphic pattern they wished to utilize. 


Results and Discussion 


Table 1 presents the data for the 
latency means and variances, expressed 
in seconds, for the five sensation levels 
employed in the experiment. An ex- 
amination of this table will at once 
reveal two obvious facts concerning 
the data: (1) mean response latencies 
remain about the same regardless of 
the level of sidetone employed; and 
(2) latency variances are inversely 
related to sensation level. 

Particularly strong relationships are 
shown in Table 1 between sensation 
level and within-subject, or mean 
latency variance. The range of vari- 
ance here is from less than one second 
at 80 db to more than five seconds at 
threshold, with a marked rise in vari- 
ance between 20 db and threshold. 
Subjects also varied among themselves 
with respect to response latency and 
this variation was associated with sen- 
sation level in the same way. The 
table shows a steady increase of 
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Taste 2. Number of records judged by 
‘experts’ as resulting from several feedback 
levels and sensation levels (N = 20). 











Sensation Feedback Levels 
Level (db) 
(db) 
80 60 40 20 0 

80 11 8 1 — —_— 

60 8 6 2 — 

40 — 6 7 3 + 

20 -- 1 1 2 16 
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variance as sensation level drops, with 
a marked increase from 20 db to 
threshold. 

Table 2 presents the results of the 
judgements made by the panel of two 
‘experts’ who, with only the latency 
measures and the graphs themselves, 
made judgements as to whether or not 
feedback had been heard by the sub- 
ject and at what sensation level. "This 
table shows the number of judgements 
made which fell into each of the sen- 
sation level groups. For example, of 
the 20 judgements made of the graphs 
of people receiving 80 db of delayed 
feedback, 11 were judged to have re- 
ceived 80 db, eight were judged to 
have received 60 db, and one was 
judged to have received 40 db of feed- 
back. None was judged to have re- 
ceived feedback at levels lower than 
40 db. 

Of the 100 judgements made by the 
two observers only 20 were in error 
to the extent that listeners who actu- 
ally ‘heard’ feedback were judged not 
to have been influenced by it to any 
extent. Of these, 16 received feed- 
back at only 20 db and four at 40 db 
above spondee threshold. More im- 
portant is the fact that of the 100 
judgements made by the two ob- 
servers only eight varied by more than 


20 db from the actual sensation level 
administered. Clinically, this finding 
tends to indicate the possibility that in 
over 90% of the cases a patient’s 
threshold may be determined within 
20 db by the method employed here. 

The above findings would not mean 
very much if it could be shown that 
judgements of feedback effect were so 
liberal as to produce the error of judg- 
ing as disturbed those who had not 
heard the feedback. However, it is 
to be noted that in mot one case was a 
subject ‘falsely accused.’ All 10 of 
the graphs for subjects receiving feed- 
back at 0 db were judged correctly. 
This is particularly important for the 
evaluation of this test as a detector 
of malingering, and is better than the 
results obtained by Tiffany and Han- 
ley (6) with rate measures alone. Thus, 
viewed solely in its application to the 
task of detecting the auditory malin- 
gerer, the GSR measure appears to be 
a valuable supplement to the rate 
measure and perhaps to be superior to 
it in some respects. 

In addition to demonstrating the 
reliability and usefulness of a GSR 
measure of the response to delayed 
sidetone, the present study has raised 
some interesting questions concerning 
the use of the delayed feedback as a 
sufficient unconditioned stimulus in 
hearing testing for other purposes. The 
data show responses of excellent con- 
sistency with no previous conditioning 
and under the simplest of clinical con- 
ditions. The reliability of this method 
of GSR testing should be studied fur- 
ther with a view toward developing 
‘disturbances’ of sounds or of speech- 
hearing processes as unconditioned 
stimuli for the testing of adults and 
children. 


One highly challenging observation 
of an informal and unsubstantiated 
nature concerned an apparent inverse 
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relationship between GSR and delay 
distortion. It was observed that for 
some individuals who could read under 
delayed feedback at a high level with- 
out apparent disturbance, marked skin 
resistance responses obtained. Al- 
though no systematic study of this has 
been carried out, a brief pilot experi- 
ment was done. For two highly sophis- 
ticated (trained) speaker-listeners both 
rate and GSR measures were obtained. 
It was noted that very little overt 
speech disturbance could be observed 
in either case but GSR measures were 
extremely indicative of a hearing re- 
sponse. Two other subjects were 
chosen who showed very severe overt 
speech disturbance in response to the 
delayed sidetone. The GSR record- 
ings were not nearly as conclusive as 
the speech-rate distortion and not 
nearly as conclusive in these cases as 
for the other two speakers. The hy- 
pothesis is certainly suggested here 
that speakers are able to overcome the 
effects of delayed feedback only by a 
strength of effort which is measurable 
in terms of GSR. On the other hand, 
if the effort involved is admitted, sup- 
port is brought to Abel’s (9) conten- 
tion that GSR is an index of an atti- 
tude of the organism directed toward 
overcoming difficulty. Further study 
is advised. 


Refinement in Methodology 


As might be expected, listeners tend 
to adapt fairly rapidly to the delayed 
sidetone signal. Although no controlled 
observations were made there appeared 
to be a significant adaptation which 
occurred over a series of stimulus 
presentations at a rate dependent upon 
the frequency and spacing of such 
presentations. Because of this it was 
felt that a wider spacing of sidetone 


signals would make the test more sen- 
sitive. 

To investigate this hypothesis, eight 
subjects were tested at a 30 db sensa- 
tion level under the same procedures 
outlined in the original experiment, 
with the following exceptions: (1) 
only seven stimuli were presented, all 
of which were the ‘real’ sidetone sig- 
nal; and (2) the intervals between the 
stimulus presentations were at least 
seven chart lines apart (53 seconds). 

The results of the judges’ ratings 
on the presence of delayed sidetone 
indicated that all eight subjects had 
received the stimuli, whereas in the 
original technique only 70% of the 
subjects at the 40 db level were so 
detected. It should be noted that the 
records of these latter eight subjects 
were interspersed with records from 
the original experiment so as to pre- 
vent judgemental bias. 

For those interested in the clinical 
application of this technique as a 
method of detecting non-organic hear- 
ing loss, these findings tend to suggest 
that it is possible to improve the sen- 
sitivity oF the technique employed in 
the main body of this experiment by 
presenting the delayed sidetone signals 
at greater intervals of time. 


Summary 


In a study of the skin resistance 
changes appearing as unconditioned 
responses to delayed sidetone, GSR 
measures were made during the ex- 
perimental employment of the de- 
layed sidetone test of malingering on 
50 normal hearing subjects. These 
subjects were divided into five groups 
in order to measure skin resistance 
changes under five sensation levels of 
delayed feedback: 80, 60, 40, 20, and 
0 db with reference to spondee thresh- 
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old. The graphic records of skin re- 
sistance change resulting from 10 
eight-second, randomly spaced admin- 
istrations of delayed feedback during 
the reading of a long prose passage, 
were analyzed in two ways: (1) meas- 
ures were made of the latencies of re- 
sponse to the sidetone; and (2) expert 
judgements of the graphic records 
were made. The following were 
among the results obtained: (1) The 
variation of the response latency to 
the sidetone appeared to be strongly 
related to sidetone level. High levels 
of sidetone produced highly consistent 
variations in skin resistance. (2) An- 
alysis of the data seemed to indicate 
the possibility of measurable skin re- 
sistance changes in response to side- 
tone levels as low as 20 db. Strong 
responses were noted at 40 db. (3) 
Judges were able, with nothing more 
than the graphic records and latency 
measures to guide them, to make high- 
ly accurate judgements as to the level 
of sidetone employed with each sub- 
ject. Of 30. persons hearing sidetone 
at or above 40 db only two (as an 
average for the judgements of two 
observers) were thought to have heard 
nothing. Of the 10 persons who re- 
ceived sidetone at the 0 db level, none 
was judged to have heard sidetone. Of 
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the total of 100 judgements made hv 
the two observers, only eight were in 
error by more than 20 db. 
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Behavioral Rigidity In Adult Stutterers 


Ervin Kapos 


Lloyd S. Standlee 


In one sense stutterers are distin- 
guished from non-stutterers by their 
tendency to persevere in fixed pat- 
terns of speech responses, and their 
inability to change from one sequence 
of responses to another as readily as 
the latter. Perseveration in fixed re- 
sponse patterns is the definition of 
behavioral rigidity, as measured by 
the index of behavioral stereotypy 
suggested by Miller and Frick (4), 
and the question immediately arises 
whether the general behavioral rigid- 
ity of stutterers is significantly higher 
than that of non-stutterers. 

Working from the definition of per- 
severation as the tendency of a set 
of neurons, once excited, to persist in 
this state of excitation autonomously, 
and using a perseveration index based 
on initial and terminal performance on 
an alternating series of paper-and- 
pencil tasks of various types, Eisenson 
(2) exhibited results indicating differ- 
ences in perseveration between stut- 
terers and non-stutterers. No differ- 
ences were found in initial or terminal 
speed or accuracy alone. 

In a recent study, Kapos and Fattu 
(3) showed that the behavioral rigid- 
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ity of severely speech-handicapped 
children was significantly higher than 
that of normal children, at least when 
the observed behavior consisted of the 
operation of a sufficiently complex 
multiple-choice maze. It was pointed 
out in this connection that the results 
of research on manipulatable factors 
affecting behavioral rigidity may 
therefore have considerable signifi- 
cance for speech therapy. 


Methodology 


The purpose of the two experiments 
reported here was to compare the 
behavioral rigidity of groups of adult 
stutterers and non-stutterers. The 
measure of behavioral rigidity was 
the index of behavioral stereotypy 
proposed by Miller and Frick (4), 
applied to responses obtained from 
operation of a two-switch electro- 
maze and a four-switch electromaze. 

In both experiments, the subjects 
were informed that the problem was 
to find, in as few trials as possible, the 
switch which would illuminate the 
light (or lights) located on the same 
panel as the switches. Though the solu- 
tions to the problems were randomly 
selected, the subjects were not in- 
formed of this. They were required 
to continue responding until 102 re- 
sponses had been obtained for each 
subject on the two-switch electro- 
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maze, and 201 responses on the four- 
switch electromaze. These yielded 100 
sequences of three responses over two 
choices, and 200 sequences of two 
responses over four choices, respec- 
tively, —a sufficient number, as sug- 
gested in a recent paper by Kapos and 
Fattu (3), to establish asymptotic 
probabilities for calculation of third- 
order and second-order indices of 
behavioral stereotypy, respectively. 
More complete descriptions of the 
electromazes and of the index of be- 
havioral stereotypy are also presented 
in the paper by Kapos and Fattu (3). 


Subjects 


The subjects in the experiment util- 
izing the two-switch electromaze were 
30 students at Indiana University dur- 
ing the 1954-55 academic year. Fif- 
teen were identified by the University 
Speech Clinic as stutterers, while the 
remaining 15 had no evident speech 
defects. The group of stutterers in- 
cluded 13 males and two females, 
ranging in age from 18 years and 
three months to 30 years and eight 
months at the time of testing, with a 
median age of 21 years and eight 
months. 

The subjects in the experiment 
utilizing the four-switch electromaze 
were 32 students at Indiana University 
during the 1956-57 academic year. 
Sixteen were identified by the Uni- 
versity Speech Clinic as stutterers, 
while the remaining 16 had no evi- 
dent speech defects. The group of 
stutterers included 13 males and three 
females, ranging in age from 17 years 
and 11 months to 29 years and four 
months at the time of testing, with a 
median age of 19 years and 10 months. 
In both experiments the samples of 
non-stutterers were matched to the 
samples of stutterers in age and sex. 


Results 


Third-order indices of behavioral 
sterotypy (C3) were computed for 
all subjects tested on the two-switch 
electromaze, and second-order indices 
(Cz) were computed for all subjects 
tested on the four-switch electromaze. 
Before male and female stutterers can 
be pooled in a single sample, it is nec- 
essary to verify that they are not 
sampled from different populations 
with respect to behavioral rigidity. 
(This result is available for non- 
stutterers of comparable ages from an 
unpublished study by the present 
authors.) The use of a parametric sta- 
tistic is inappropriate because of the 
small number of female subjects and 
because of a lack of homogeneity in 
the variances for male subjects and 
female subjects. However, use of the 
Mann-Whitney statistic (J) on the 
indices of stereotypy for the sample 
tested on the two-switch maze yielded 
a U of 6, for n=13 and m=2 (critical 
values at the 10% level for the two- 
tailed test: 2, 24). For the sample 
tested on the four-switch maze, the 
obtained value of U was 29, for n=13 
and m=3 (critical values at the 10% 
level for the two-tailed test: 6, 33). 
These results provide the desired 
verification. 


Taste 1. Comparison of third-order indices of 
behavioral stereotypy for groups of stutterers 
and non-stutterers tested on the two-switch 
electromaze. 








Group N uM Ss. BR t 





Stutterers 15 .133 .071 


91 
Non-stutterers 15 .112 .048 
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TaBLE 2. Comparison of second-order indices of 
behavioral stereotypy for groups of stutterers and 


non-stutterers on the four-switch electromaze. 








Group N MM” S92: 





Stutterers 16 124 .095 
Non-stutterers .121 .070 


.10 








The values of Cz for the group of 
stutterers ranged from .025 to .239, 
with a mean of .133 and a median of 
.113. The indices for the group of 
non-stutterers ranged from .060 to 
.219, with a mean of .112 and a median 
of .100. The mean C3; index for the 
group of stutterers was thus higher 
than that for the group of non-stut- 
terers by .021, but a ¢ test between 
these means (Table 1) shows the 
difference to be well short of signifi- 
cance at the five per cent level. 

The values of C, for the group of 
stutterers tested on the four-switch 
electromaze ranged from .033 to .461, 
with a mean of .124 and a median of 
110. The indices for the group of 
non-stutterers ranged from .028 to 
.259, with a mean of .121 and a median 
of .107. It is clear that these means do 
not differ significantly, and this is 
borne out by a ¢ test between them 
(Table 2). 

It must therefore be concluded that 
the foregoing studies offer no evidence 
that the behavioral rigidity of adult 
stutterers is higher than that of non- 
stutterers, at least as measured by the 
index of behavioral stereotypy com- 
puted for responses obtained in a two- 
or four-choice problem situation. 


Summary 


In two separate experiments, samples 
of adult stutterers and non-stutterers, 
matched with respect to age and sex, 
were tested on a two-switch electro- 
maze and on a four-switch electro- 
maze. No significant differences were 
observed in third-order indices of 
behavioral stereotypy obtained from 
responses to the two-switch maze, or 
in second-order indices of behavioral 
stereotypy obtained from responses 
to the four-switch maze. Thus the 
greater perseveration of stutterers in 
fixed speech patterns is seen not to 
imply a greater general behavioral 
rigidity than that of non-stutterers. 
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